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STUDIES IN THE METABOLISM OF ACTINOMYCETES 
III. NITROGEN METABOLISM 


SELMAN A. WAKSMAN 
Department of Soil Bacteriology, New Jersey Agricultural Experiment Station 


Received for publication, July 11, 1919 


The utilization of different nitrogenous compounds by actino- 
mycetes and the transformation of these substances due to the 
action of the organisms will be taken up in the present paper. 

Rullman (1899) stated that Actinomyces odorifer cannot nitrify. 
Beijerinck (1900) observed the reduction of nitrates to nitrites 
by actinomycetes. Nadson (1903) found that organisms of this 
type from mineral mud are able to decompose proteins very 
readily with the liberation of ammonia and hydrogen sulfide. 
Macé (1905) noted that Cladothrix chromogena can split blood 
serum, with the production of ammonia, propeptone and tyrosin 
crystals. Fousek (1912) found that the actinomycetes isolated 
from the soil assimilate nitrate, ammonia and amino-nitrogen 
and reduce nitrates to nitrites, but cannot assimilate atmos- 
pheric nitrogen. Miinter (1912) studied seven actinomycetes 
isolated from the soil; scant growth or no growth at all was 
obtained on nitrogen free media; all organisms were able to 
utilize equally well nitrogen in the form of nitrates, ammonia 
and asparagin; hemialbumin, casein, asparagin and alanin were 
utilized readily and tyrosin to a smaller extent, both as sources 
of carbon and nitrogen; urea, thiourea and dicyanamide gave 
no growth at all when used as a source of both carbon and 
nitrogen, but were used by some organisms as sources of nitro- 
gen. Miinter (1914) has further shown that casein is ammon- 
ified well, glue and peptone to a smaller extent, and urea only 
very slightly; ammonia formed a good source of nitrogen, only 
small quantities of nitrates being produced from this substance and 

1 


THE JOURNAL OF BACTERIOLOGY, VOL. V, NO, 1 











2 SELMAN A. WAKSMAN 


no free nitrogen given off; no reduction of nitrates to ammonia 
could be demonstrated. Krainsky (1914) stated that the actin- 
omycetes assimilate both organic and inorganic nitrogen; of the 
organic substances, the proteins and amino bodies could serve 
not only as sources of nitrogen, but also of carbon; casein and 
peptone were split by all species to ammonia. All species, with 
one exception, grew readily upon a solution of gelatin in water 
(with the addition of 0.05 per cent K,HPO,), A. flavochromogenus 
forming an insoluble gelatin compound. The actinomycetes 
assimilated ammonia, nitrite and nitrate nitrogen compounds; 
NH,Cl was not always favorable, particularly in the presence of 
glucose. Nitrates were reduced to nitrites by most actino- 
mycetes, this varying with the composition of the medium; 
with many species, the nitrite formation was absent, due to the 
fact that this phenomenon is so slow that all the nitrites formed 
are at once assimilated by the cells; in no instance could am- 
monia be demonstrated as a reduction product of nitrates and 
nitrites; A. flavus alone could not reduce nitrates. No urease 
could be demonstrated, while casein was split by means of a 
proteolytic enzyme. 

Emerson (1917) stated that since Actinomyces colonies were 
formed on nitrogen free media, these organisms are able to assim- 
ilate free nitrogen. This last fact could in no instance be con- 
firmed by the writer. The development of Actinomyces colonies 
on nitrogen-free agar media is due to the fact that many of these 
organisms can develop readily with mere traces of nitrogen, 
which are probably present as impurities in the agar or as traces 
in the laboratory air. 

Waksman and Curtis (1916) found that nearly all the actino- 
mycetes studied could liquefy gelatin, varying in degree of 
rapidity of liquefaction, but they were found to be rather weak 
as ammonifying organisms. Lutman and Cunningham (1914) 
have shown that the ammonia production of A. scabies is small 
compared with that of bacteria under similar circumstances. 





























METABOLISM OF ACTINOMYCETES 


EXPERIMENTAL 


Since glycerol proved to be a very favorable source of energy 
(see paper II of series), it was used in the following experiments. 
To each liter of medium containing the following ingredients: 
30 grams glycerol, 1 gram K;HPO,, 0.5 gram KCl, 0.5 gram 
MgsSO,, 0.01 gram FeSQ,, were added fibrin, casein, powdered 
egg-albumin, Witte peptone, asparagin, leucin, glycocoll, or urea, 
5 grams each; NaNOs, NaNO, (NH,)2SO« or (NH,4),CO;, 2 
grams each. The casein and egg-albumin were first dissolved in 
a dilute NaOH(7s) solution, then added to the medium; the 
fibrin was added in small pieces to the individual tubes. The 
media were mixed, tubed, 10 to 12 cc. to each tube, and steri- 
lized at 15 pounds pressure for fifteen minutes. Several tubes 
from each medium were inoculated with each of a series of rep- 
resentative Actinomyces and incubated at 25° for a period of 
fifteen to sixty days. 

Growth is designated by figures as follows: 0—none, 1—scant, 
2—fair, 3—good, 4—very good, 5—excellent. In studying the 
figures for growth one should keep in mind that they are only 
relative and 2 does not designate twice as much growth as 1 or 
half as much as 4. The scantest growth, even if only a few 
tiny flakes at the bottom of the tube or a few minute masses 
floating on the surface or distributed through the medium, was 
designated as 1. The most abundant growth was designated 
by 5, while the other figures fall between. All the cultures were 
compared on the same basis considering the set as a whole and 
not each organism separately. In describing the aerial my- 
celium the signs, + and + + were used, when it was present, 
the first to designate a thin powdery layer and the second a 
heavy, usually cottony cover. The ammonia was not deter- 
mined quantitatively in this experiment, but merely qualita- 
tively, by means of Nessler’s reagent. The amino-nitrogen was 
determined by means of the micro-apparatus of Van Slyke. 
The hydrogen-ion concentration was obtained by means of the 
phenol-sulphon-phthalein series of indicators suggested by Clark 
and Lubs (1917); this was designated by the terminology of 
Sdrensen, using the pH values. 
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METABOLISM OF ACTINOMYCETES 1] 


The chemicals used throughout the work were chemically pure, 
usually Kahlbaum’s or Merck’s. The casein was purified by the 
method of Hammarsten. 

In glancing through table 1, one can readily see that most of 
the organic nitrogenous substances both proteins and amino 
acids, form a readily available source of nitrogen for the actino- 
mycetes; while the amides, namely acetamide and urea used in 
this investigation and the inorganic nitrogenous substances form 
a much poorer source of nitrogen for this group of microorgan- 
isms. Nearly all the organisms studied, with very few excep- 
tions, notably A. asteroides, made a fair to excellent growth upon 
the proteins, but grew rather poorly on the amides and on the 
inorganic nitrogenous substances. The quantity of growth is not 
absolute, but since the record was made by the same investigator 
under as nearly identical conditions as possible, it lends itself to 
comparison. The ammonium salts, both the sulfate and car- 
bonate, were found to be the poorest sources of nitrogen under 
the conditions of the experiment and for the organisms studied; 
only A. aureus and A. ruber made a fair growth on these sub- 
stances, as the only source of nitrogen, while all the others pro- 
duced no growth or hardly any noticeable growth at all. This 
held true when these substances were studied in solution; a 
better growth might have been obtained on solid media. This 
fact has been brought out by Krainsky (1914), who stated that, 
with NH,NO; as a source of nitrogen, the nitrate radical was 
used up in a comparatively short time, while the ammonia per- 
sisted for a long period. This relative inability of the actino- 
mycetes to use ammonia compounds as a source of nitrogen may 
help to explain the fact that in their action upon proteins and 
amino acids the actinomycetes produce at first very little am- 
monia, especially when compared in this respect with the bac- 
teria and molds. This brings up the whole question of the 
relative nitrogen metabolism of these groups of microérganisms, 
which will be taken up later. 

Nitrates are readily used as a source of nitrogen, although the 
actual amount of growth, particularly on liquid media, is far 
inferior for most organisms to that produced on the proteins and 
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amino acids. The particular thing to call attention to in this 
respect is the reduction of nitrates to nitrites, which is greatly 
influenced by the source of carbon. Out of 45 species, 35 reduced 
nitrates in the presence of starch and only 20 in the presence of 
sucrose. Nitrite reactions were obtained in certain cases even 
when the proteins and amino acids were used as sources of nitro- 
gen. Notably a strain of A. californicus, when freshly isolated 
from the soil, produced nitrites not only from proteins but also 
from ammonium sulfate. This fact recalls a paper by Joshi 
(1915), who reported a bacterium which could transform protein 
nitrogen directly into nitrites, without the nitrogenous sub- 
stances undergoing the 3 stages of splitting of proteins to am- 
monia by one or more groups of organisms, and oxidation of 
ammonia to nitrites, then to nitrates by Nitrosomonas and 
Nitrobacter respectively. The photograph of the organism as 
well as its action strongly resemble that of an Actinomyces. 
This ability of the actinomycetes to produce nitrites out of 
nitrates, without any further reduction of the nitrogen com- 
pounds to ammonia or elementary nitrogen, was pointed out by 
Beijerinck (1900), Fousek (1912) and Krainsky (1914). The 
latter used plate cultures only and found that few species were 
able to reduce nitrates to nitrites strongly; in many cases the 
small quantities of nitrites produced were assimilated by the 
organism as soon as formed. The data on the reduction of 
nitrates to nitrites, affeeted by the source of carbon were re- 
ported in a previous paper and are summarized in table 2 for the 
purpose of comparison. 

The nitrites were determined by the Griesz (1870) colorimetric 
method. First 1 ce. of sulfanilic acid solution and 1 ce. of 
a-Napthylamin solution were mixed in test tubes and allowed 
to stand a few minutes, so as to insure against the presence of 
any nitrites in the tubes. Then 1 cc. of the culture was added 
to the tube, shaken, the mixture allowed to stand in the cold 
three to four minutes and a reading taken. The active nitrate 
reducing organisms, such as A. violaceus-ruber, reduce with all 
sources of carbon; some that do not reduce nitrates readily, such 
as A. violaceus-caesari, A. albus, and A. bobili produce no nitrites 
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or only traces of nitrites with all sources of carbon studied; 
while most organisms vary in their power to reduce nitrates to 
nitrites with the source of carbon in the medium. 

Different suggestions have been made concerning the physi- 
ological importance of nitrate reduction for the bacterial cell. 
A complete discussion of this subject can be found in the work 
of Klaeser (1914). He refuted various theories on this subject 


TABLE 2 
Reduction of nitrates to nitrites as affected by different sources of carbon 
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and concluded that the reduction of nitrate to nitrite and am- 
monia by bacteria is a process by which these bacteria cover 
the nitrogen need in their metabolism. This conclusion of 
Klaeser in regard to bacteria is fully confirmed by the study of 
the metabolism of actinomycetes. These organisms reduce the 
nitrates to nitrites, in the process of utilization of this nitrogen 
compound, but not for any other purpose. This reduction is 
brought about by hydrogen, as shown by several investigators 
(Klaeser, 1914). The importance of this phenomenon in rela- 
tion to the change of reaction of the medium will be discussed 
in the following paper of this series. 
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To return back to table 1, we find that when nitrites are pres- 
ent in the medium as the only source of nitrogen, the amount 
of growth is less than in the case of nitrates, unless the nitrates 
are present in very small amounts, otherwise (even in the pres- 
ence of 0.2 per cent NaNO,), they seem to become toxic, so 
that the amount of growth is very limited. In the presence of 
0.2 per cent NaNO., many organisms made a small growth, 
limited in most cases to a few floccules on the bottom of the tube 
and only in the case of the organisms that reduce nitrates to 
nitrites vigorously (A. violaceus-ruber) was the growth more than 
fair. The question of utilization of nitrites will be discussed 
later. 

The amides, as stated above, form a very poor source of 
nitrogen in comparison with the proteins and amino acids. 
Only a few species made more than a very limited growth, the 
reaction in the case of urea, either remaining unchanged, becom- 
ing slightly acid, or, in most cases, turning alkaline; this latter 
phenomenon is no doubt due to the rapid splitting off of ammonia 
from urea. In the case of acetamide, the reaction became in 
nearly all cases more acid, which may be explained by the fact 
that the NH, radical is used up and may be replaced by an OH 
radical, which may turn the medium more acid. 

The utilization of proteins and amino acids can be followed up 
in two ways, first by observing the actual amount of growth, 
secondly, by estimating the splitting of the proteins, as meas- 
ured by the amount of amino nitrogen produced in the case of 
proteins, or by the decreasing quantities of the amino nitrogen, 
in the case of the amino acids, using the Van Slyke micro- 
apparatus. 

No sweeping conclusions should be made from these experi- 
ments as to the relative utilization of proteins and amino acids 
by the different species of Actinomyces, because it is quite pos- 
sible and even probable that different conditions, such as age of 
culture, time since its isolation from a natural substratum, con- 
centration of nitrogenous substances, nature of carbon com- 
pounds, etc., may result in an entirely different range of figures; 
but, even with all these limitations, certain definite conclusions 
can be drawn. 
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A. asteroides splits proteins and uses amino acids only to a 
very limited extent, although it produces an abundant growth 
on certain inorganic media (particularly with glucose as a source 
of carbon). Certain organisms, such as A. verne, using only 
small quantities of amino acids when grown on amino-acid- 
containing media, allow a large accumulation of amino-nitrogen- 
rich substances when grown on protein containing media, show- 
ing that there is no necessary correlation between the amount of 
growth and the protein split. 

The production of amino acids and other amino-nitrogen-rich 
substances is not a waste resulting from the growth of the organ- 
isms, but is a definite step in the metabolism of the organisms, 
since in many cases these substances do not accumulate in the 
medium, but tend to decrease, either due to their transforma- 
tion into other substances, such as ammonia (which was not the 
case), or to their assimilation as such or as transformation prod- 
ucts, by the organism, as indicated by the increase in growth. 

Fibrin, casein, egg-albumin and peptone allow a very good 
growth of nearly all the actinomycetes studied, the second and 
the fourth leading, as to the actual amount of growth. Small 
quantities of amino-nitrogen are present in the proteins; these 
are equivalent to one-half of the lysin nitrogen, as shown by 
Van Slyke and Birchard (1914). Some organisms seem to start 
using this lysin nitrogen at first, particularly the species which 
are weak proteolytically, such as A. asteroides on the casein 
medium. In most cases, the accumulation of amino-nitrogen 
becomes prominent only when the organism has made most of 
its growth. This may be due either to the fact that during the 
period of its active growth, the organism uses all or most of the 
amino-nitrogen that it can split, or to the fact that the splitting 
is accomplished by means of a proteolytic enzyme, which is 
absent in the early stages of growth or present in only minute 
quantities. 

The amino acids studied, particularly glycocoll, were also well 
utilized by most organisms. The progress of growth can also be 
followed by the decrease in the amino-nitrogen present in the 
medium, either due to its assimilation by the growing organ- 
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isms or to its transformation into other substances, such as 
ammonia. It will be noticed that the organisms that made 
the poorest growth on certain amino acids, used the least 
nitrogen, while those that made a good growth caused a good 
deal of the amino-nitrogen to disappear from the medium. For 
example, in the case of asparagin, the medium containing orig- 
inally 3.99 mgm. NH,—N in 10 cc., A. asteroides with a faint 
growth caused a decrease in thirty days to 3.92 and in sixty 
days to 3.86; while A. griseus with a very good growth, changed 
it in fifteen days to 1.30, which seems to have accompanied the 
maximum growth, since in thirty days there was a slight increase 
in the amino nitrogen content, namely 1.48, which may be due 
either to an individual variability of the cultures or to some 
autolysis that might have set in. 

The production of ammonia does not seem to be a character- 
istic property of this group of organisms, as was already pointed 
out elsewhere (Waksman and Curtis, 1916). It is possible that 
ammonia does not enter as a necessary step in their metabolism, 
as some investigators claim for other microérganisms and that it 
is not formed in large quantities as a waste product of metab- 
olism, although we find individual variations between the 
different species and with different substrata. These organisms 
seem to assimilate the amino acids directly or indirectly, but not 
necessarily only after reduction to ammonia. The question of 
the function of ammonia as a protein split product in the metab- 
olism of molds has been already discussed by the writer else- 
where (Waksman, 1918). It need only be pointed out here that 
the actinomycetes and molds seem to split the proteins with 
different results; while most of the latter reduce the proteins to 
ammonia very quickly and allow its accumulation in the me- 
dium, the former seem to split the proteins chiefly to the amino 
acid stage and only to a limited extent to ammonia. Most 
ammonia was produced from the peptone and asparagin, least 
from the egg-albumin and leucin. 

The change in the hydrogen-ion concentration of the media 
are reported in the paper following this one. 
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Of the different amino acids used, leucin tends to result in a 
more acid medium, while asparagin and glycocoll lead to a 
neutral or slightly alkaline reaction. The leucin medium changed 
on the average for the organisms studied for the first period from 
pH 7.3 to pH 6.7 and 6.43, while the glycocoll media changed 
on the average from 7.1 to 7.23 and 7.33, allowing for the varia- 
tion of the organisms. The protein and peptone media all 
tended to become more acid, but not to such as extent as the 
leucin media. It is possible that the reaction of media contain- 
ing certain proteins may change either to acid or alkaline de- 
pending entirely upon whether the organism attacks one amino 
acid group or another in the protein molecule. The final hydro- 
gen-ion concentration of media, upon which miroérganisms have 
grown in the presence of the same carbohydrate, is influenced by 
the nitrogen source and varies greatly, depending upon the 
source of nitrogen. A more detailed study of this question will 
be found in the following paper of this series. 

The utilization of tyrosin and creatinine by actinomycetes 
was also studied; the results for the first are reported below in 
table 3, while creatinine was readily used as a source of nitrogen 
by all species tested, accompanied by a slightly acid reaction 
(pH usually changing from 7.0 to 6.4-6.8); the growth was 
always fair to good and consisted of colonies throughout the 
medium or as flakes on bottom of tube. No. 205 produced a 
characteristic soluble yellow pigment, A. viridochromogenus, and 
A. pheochromogenus a brownish and A. violaceus-ruber a bluish pig- 
ment, while A. scabies, A. aureus and A. ezfoliatus produced no 
pigment at all. 

A word should be said concerning the pigment production by 
the actinomycetes upon the media containing proteins and 
amino acids. These pigments are very characteristic of the 
species and seem to be stimulated by the organic nitrogen. 
The chromogenus species, reported in table 1 include A. scabies, 
A. viridochromogenus, A. aureus and to some extent A. bobili, 
A. ruber and A. reticuli. These species are characterized by a 
brown or dark brown (yellowish in few cases, particularly accom- 
panying poor growth) pigment which slowly dissolves into the 
medium. 
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The pigment production is usually ascribed to an enzyme 
tyrosinase, which is able to convert tyrosin into dark colored 
melanins. Beijerinck (1913) has shown, however, that tyrosin 
is oxidized into melanin only by a symbiotic action of an Actino- 
myces with a common soil bacterium; neither organism alone 
can oxidize the tyrosin to the same stage. Attention was called 
in the previous experiments to the fact that many species of 
Actinomyces produce a yellow brown to dark brown soluble 
pigment even on media that do not contain any tyrosin. We 
must therefore conclude that the brown pigment produced by 
certain species on organic media is due not only to the melanins 
produced from tyrosin, but also to some other substances pro- 
duced from amino acids besides tyrosin and from the sources of 
carbon. 

A number of species were inoculated upon an alkaline tyrosin 
agar (Krainsky, 1914) and only A. scabies and no. 205 produced 
a soluble brown pigment. All the other species made a good 
growth upon this medium, but produced no soluble pigment. 
If, as Beijerinck (1913) stated, tyrosinase is a mixture of two 
oxidizing enzymes, one converting tyrosin into homogentisic 
acid and the other oxidizing the acid to melanin, then out of all 
the species studied, only A. scabies and no. 205 are able to pro- 
duce both of these enzymes together. Out of four strains of 
A. scabies obtained from different sources, only two gave the 
tyrosinase reaction, these two being the more vigorous growers. 
The experiment on the utilization of tyrosin and on the produc- 
tion of a brown to black soluble pigment was repeated again in 
solution. A medium was made up containing the same con- 
stituents as the synthetic solution used (Czapek’s) except that the 
NaNO; was replaced by 0.1 per cent of tyrosin and the sucrose 
by 3 per cent glycerol. The medium was tubed, sterilized, 
inoculated and incubated at 25° for fifteen days. The results 
are presented in table 3. 

The previous results are confirmed; not all the species that are 
able to produce a brown to black soluble pigment on gelatin, 
potato plug and synthetic media containing organic substances, 
particularly proteins and peptones, are able to produce a soluble 
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dark pigment on tyrosin. Only some cultures of A. scabies 
and to some extent two to three other chromogenic strains are 
able to produce this pigment, indicating that only these species 
are able to form the two enzymes necessary to transform tyrosin 
into melanin. A detailed study of this question will be taken 
up in a paper on the ‘‘ Enzymes of actinomycetes.’’ At present, 
the fact can only be pointed out that when the actinomycetes 
were grown on gelatin plus 1 per cent starch, to which HCl and 
KI had been added only those species that are able to produce a 


TABLE 3 
The growth of actinomycetes on tyrosin and the production of a soluble Pigment 





ORGANISM | growrs | APRIAL | aoLUBLE PIGMENT pH 

















|MYCELIUM | | 
ith A tinntnninas ; | 6.8 
A. violaceus-ruber................. 2° + Bluish | 6.2-6.6 
eo 2 0 0 | 6.6 
PE inikisd sas bond scacdwnaaee 3 a 0 6.6 
A. viridochromogenus............. 3 + Trace of brown 6.6 
Pee ida vay caedsavucsen ss , 2 + Deep brown 5.4 
LS cadsedeeae uk eb wuss 3 0 woseen” | 7.0 
En a cnr chaweeesde awe 2 + 6.7 
Ph eRe ore ee ee 3 + Oisntes brown | 6.6 
A. pheochromogenus............... 2 + Brownish 6.7 





* The figures have the same designation as in table 1. 


brown pigment on the gelatin, produced a purplish color; this 
indicates that an oxidase is produced by those species that color 
the cultures containing gelatin and other proteins brown, while 
they may not be able to convert tyrosin into melanin. 

A more detailed study of pigment production by actino- 
mycetes will be published later. Attention may be here called 
to the fact that A. violaceus-ruber which produced a beautiful 
red brown pigment changing to violet blue is a very active nitrite 
forming organism; the part played by the nitrites in the syn- 
thesis of the pigment may be important. 

Attention was called, in connection with table 1, to the fact 
that ammonium salts and amides form a rather poor source of 
nitrogen for most actinomycetes. Whether this is true only 
with glycerol as a source of energy or also with glucose, one can 
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see from the following experiment, where to the synthetic media 
previously used 3 per cent of glucose was added in place of 
glycerol (nitrogen source 0.2 per cent). 

Most of the species tested made a better growth with glucose 
as a source of carbon than with glycerol, using ammonium salts 
and urea as sources of nitrogen. The poorest growth was ob- 
tained with ammonium sulfate, due to the fact that the reaction 
soon became distinctly acid with this source of nitrogen, the 
pH values changing from 5.8 to 4.6 and even 4.2 which is a 
limiting reaction for the growth of actinomycetes, as will be 
shown in the following paper. 
































TABLE 4 
The utilization of ammonium salts and urea as sources of nitrogen of actinomy- 
cetes, with glucose as a source of carbon 
(NH4)2804 (NH4)2COs | UREA 

ORGANISM — a — _——_—ene eergeceen ved —— 

Growth =. | Growth x. Growth =. 
A. violaceus-ruber........ j 1 0 4 - | 5 - 
A. viridochromogenus....... 1 0 3 0 4 — 
aa ee 2 — 4/-—- | 4 - 
B. PORNO. 5005s peudsk ces 0 0 1 | 0 | , | * 
eee j 2 0 2 | 0 1 0 
ass 4oaceex * 3 0 jae 2 | 0 
Pit EE okas-o4 Knenesonnans 1-2 0 = 4 1 0 
A. madurae......... ...e.| Trace| 0 0 |; 0 | ton 
Fg Se eaeeeeer i ee Pe 9 0 
A. asteroides........ Per 2 ae ‘ 0 | 4 0 





To test further the utilization of nitrites, different concentra- 
tions of this salt were added in place of the nitrate to the syn- 
thetic solution containing either glucose or glycerol as a source 
of carbon. The results are recorded in table 5. 

It is obvious that the actinomycetes can assimilate nitrites 
readily, when these are present in small enough amounts not to 
exert any toxic effect. In the presence of only 50 mgm. of 
NaNO: per 1000 cc. of medium, all the species tested produced 
a fair to good growth with both glucose and glycerol as sources 
of carbon. With the increase of the nitrite content, the growth 
increases, due to the larger amount of available nitrogen, but 
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here the toxic effect of the nitrite may become apparent, par- 
ticularly with some sources of carbon, so that in the presence 
of 0.05 per cent of NaNO:, most of the species tested made a 
very good to excellent growth with glycerol as a source of car- 
bon, while the same species produced only a scant growth in the 
presence of glucose. When the nitrite content of the medium is 
still further increased, the growth ceases entirely or is only very 
limited. 

In the previous experiments on the action of the actino- 
mycetes upon different proteins, only purified native substances 
were used. To study further the action of these organisms upon 
protein-rich substances, they were grown on gelatin (15 per cent 
in distilled water), with and without one per cent of starch, on 
milk and on glucose broth (1 per cent peptone, 0.5 per cent 
meat extract and 1 per cent glucose). The results are reported 
in table 6. 

Here again no greater importance should be attached to the 
data presented in table 6 than to any other set of biochemical 
data with a group of microérganisms, where only one or two 
tubes for each organism are studied. But, although the results 
are not absolute, a comparative study of the data will be of 
interest. These experiments were repeated several times at 
different temperatures and, although a great deal of variation 
was obtained, the comparative results hold true as a whole; 
and it really makes very little difference, when such a variable 
group of organisms is studied, whether one species accumulates 
25 or 35 mgm. of NH--N in 10 cc. when grown on a 15 per cent 
gelatin solution. All the species studied cause a splitting of 
gelatin, peptone and milk proteins to a greater or less extent, 
but the organism that produces a maximum splitting of the 
gelatin does not necessarily split the maximum of peptone, 
casein and other proteins. As we might expect, however, many 
species that split one protein actively, also split the others 
actively. The amount of ammonia accumulated in milk is 
relatively large, particularly for the organisms which are active 
proteolytically; this is due to the long incubation period at a 
rather high temperature; in a shorter period of incubation the 
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A. violaceus-ruber.......... 
A. violaceus-caesari. . 
A. scabies 15.75 
A. pheochromogenus. . 23.94 
A. viridochromogenus..... 
A. chromogenus 205 34.20 
A. aureus....... 31.35 
A. exfoliatus...... 
A. albus.. 10.83 
A. griseus. 38.48 
A. fradii ; 15.96 
Actinomyces (206)..... | 48.74 
A, alboflavus. 
A. reticuli... 
A. reticulus-ruber. 13.68 
A. rulgersensis.... 48.17 
A, halstedii... 20.82 
A. albosporeus. | 25.37 
A. diastaticus...... 33.06 
A. poolensis. 36.48 
A. madurae 27 .08 
A. hominis | 26.51 
Actinomyces 128...... 29.92 
Actinomyces 161...... 45.80 
Actinomyces 96...... 39.33 
Actinomyces 104....... | 25.65 
Actinomyces 145...... 20.52 
Actinomyces 154........ 10.83 
Actinomyces 168...... 25.08 
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Average....... --| 27.9 
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17.96 | 4.3 
13.12 4.3 
14.82 | 7.2 
5.9% | 9.1 
23.66 | 11.0 
33.21 13.9 
19.95 5.3 
28 .32 13.7 
26.32 | 7.7 
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15.20 
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* The data present milligrams of nitrogen per 10 cc. of medium. 
t Incubated at 16° to 18° for thirty to thirty-five days. 
t Incubated at 25° for fourteen days. 


§ Incubated at 37° for forty days. 
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quantities of ammonia are much smaller; this again brings out the 
fact that, while the proteolytic bacteria and molds allow a rapid 
accumulation, the actinomycetes will produce only small quan- 
tities of ammonia in a short period of time, the ammonia tend- 
ing to increase with the prolongation of the period of incubation. 

The presence of starch in gelatin seems to exert in many 
instances a protective action upon the gelatin, and, though a 
better growth might have been obtained in the presence of 
starch, there was less of the gelatin split. This does not hold 
absolutely true for all species; in a few instances there was a 
greater splitting of the gelatin in the presence of starch. On 
the average, however, there was a greater accumulation of 
amino-nitrogen in the gelatin in the absence of starch than in 
its presence. The gelatin containing originally 6.35 to 6.41 
mgm. amino nitrogen in 10 ecc., was found, at the end of the 
period of incubation, to contain, on an average, 27.93 mgm. of 
NH--N, in the presence of 1 per cent starch, and only 21.72 
mgm., in the absence of starch. This is in accord with the 
investigations of the writer and others which indicate that 
available carbohydrates exert a protective action upon the 
proteins. 

To get a further insight as to the effect of available carbo- 
hydrates upon the splitting of proteins by actinomycetes and 
compare these organisms in this respect with bacteria and molds, 
the following experiment was made. One lot of ordinary bouil- 
lon was made up and divided into 2 portions; 1 per cent glucose 
was added to one half and the other half left unchanged. These 
media were distributed in flasks, sterilized and inoculated, as 
usual in duplicates, with B. coli, B. proteus, Aspergillus niger 
and 5 species of Actinomyces. The flasks were incubated at 
37° and, at the end of seven days, the amino and ammonia- 
nitrogen were determined. The data are given in table 7. 

The addition of 1 per cent glucose causes, in the case of all 
microorganisms, a lesser splitting of the proteins and peptones 
accompanied by a smaller ammonia accumulation. But, while 
the active proteolytic bacterium (B. proteus) and mold (A. niger) 
were greatly repressed in their action upon the proteins and in 
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the production of ammonia, the bacterium, which is recognized 
as not very active proteolytically (B. coli), and the actino- 
mycetes were repressed in their action upon the proteins to a 
much smaller extent. 

It is quite possible that here as well as in the case of higher 
animals we have two kinds of metabolism: endogenous and ex- 
ogenous. A definite quantity of ammonia may always be pro- 
duced out of protein materials, as a waste product, independent 
of whether an available carbohydrate is present or absent; this 


TABLE 7 


The action of microorganisms on peptone in presence and absence of availabli 


carbohydrates.* 


Period of incubation seven days at 37° 


¥ 


BOUILLON PLUS | PER 


BOUILLON 
CENT GLUCOBE 


ORGANISMS 


NH:N NH:-N NHN NHa-N 
Control.... .| 45.73 0 44.25 0 
B. coli.. 50.44 9.45 47.79 7.35 
B. proteus..... 73.75 32.55 48.08 8.40 
Aspergillus niger.. | 33.93 | 32.60 21.54 15.80 
Act. diastaticus.... 89.09 | 11.55 67.85 9.45 
Act. viridochromogenus . 68.74 10.50 50.15 10.50 
Act. fradii.... 63.43 56.64 
Act. griseus. ‘ 97 .35 13.65 85.24 11.55 
Act. poolensis . .. 80.83 12.60 67.85 2.60 








* The data present milligrams of nitrogen per 100 cc. of medium. 


ammonia may be reabsorbed, in the presence of available car- 
bohydrates, by organisms that are able to utilize it readily as a 
source of nitrogen (A. niger). In the absence of available carbo- 
hydrates, the strongly proteolytic organisms use the proteins 
readily as sources of carbon, leaving large quantities of ammonia, 
as waste material, in the medium. The ammonia produced 
in the first case, will not be appreciably decreased (except when 
reutilized again), while the production of ammonia in the second 
case may be entirely prevented by a utilizable carbohydrate. 
The milk data in table 5 point clearly to the fact that most of 
the actinomycetes can attack the milk proteins readily and split 
them to amino acids and ammonia. This question was dis- 
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cussed in detail elsewhere (Waksman, 1919). To get an insight 
into the rapidity of the proteolytic action of some species on the 
milk proteins, as affected by temperature of incubation and 
mode of action of the different species, the following experiment 
was conducted: 

A series of tubes, each containing exactly 10 cc. of sterile 
milk, were inoculated with A. griseus and A. exfoliatus, inoculat- 
ing all tubes as nearly alike as possible. Ten tubes for each 
species were inoculated at 25° and 10 at 37°. Observations were 
made daily as to the clotting and peptonization. The amino 
and ammonia nitrogen of the milk were determined at the end 
of definite intervals and results calculated back to the total 
amount. This experiment was repeated. The results are given 
in table 8. 

The results reported in the table are not sufficient for plot- 
ting an exact curve, because the average error between the 
duplicates is greater than should be allowed for accurate work. 
The importance of using a definite period of incubation for all 
the groups is brought out clearly: while the strongly proteolytic 
species produce a continuous splitting of the proteins, the weaker 
forms may, at an early period, allow a splitting, which will not 
advance much further. It is also interesting to note that when 
the period of incubation is long enough the difference in the 
quantities of amino nitrogen content of the milk and ammonia 
accumulated approaches to zero. 

The ammonia accumulation by actinomycetes is slow, but 
increases steadily. When these organisms are compared with | 
molds and bacteria in their power of producing ammonia, an 
interesting difference is observed. The rapidly growing bac- 
teria and molds allow a rapid accumulation of ammonia, which 
soon reaches its maximum as a result of the metabolism of these 
organisms; the slow growing actinomycetes allow only a slow 
accumulation of ammonia; if a long enough period of incubation 
is allowed, the amount of ammonia may even become as large 
as that produced by the active proteolytic bacteria and molds. 
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SELMAN A. WAKSMAN 


SUMMARY 


1. The actinomycetes do not fix any atmospheric nitrogen, 
although some colonies will develop on routine nitrogen free 
media. 

2. Most species are able to reduce nitrates to nitrites with the 
proper source of carbon, a few species are able to reduce nitrates 
to nitrites actively with nearly all sources of carbon studied, 
while a few others give no reduction or only traces with nearly 
all sources of carbon. 

3. The proteins and amino acids studied were found to form 
the best sources of nitrogen for this group of organisms. Amides 
are used only to a very small extent. Nitrates are used fairly 
well in the presence of the proper source of carbon. Nitrites 
present in small quantities in the medium are utilized well by 
most species, particularly by those that reduce nitrates actively. 
Ammonium salts form the poorest sources of nitrogen, with 
glycerol as a source of carbon; with glucose as a source of carbon 
both amides and ammonium salts are utilized well as sources of 
nitrogen, if the reaction of the medium does not tend to become 
too acid. 

4. Most actinomycetes split proteins actively as indicated by 
an increase of the amino-nitrogen content of the medium. The 
organisms that produce only a small amount of growth split 
proteins only to a very limited extent and use up only small 
quantities of the amino acids. 

5. The production of ammonia from proteins and amino 
acids is not characteristic of this group, although, on continued 
incubation, considerable quantities of ammonia may accumulate 
in the medium, as indicated by the growth of the organisms in 
milk or on pure proteins added to sterilized soil. 

6. Many species produce soluble yellow, brown to dark brown 
pigments in media containing proteins and amino acids, the 
production of a brown pigment being due, in most cases, not to 
a tyrosinase reaction. Only some strains of A. scabies and a 
few other chromogenus species are able to produce a soluble 
brown pigment from tyrosin; most of the species that produce 
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brown pigments on protein media, even if they do not give the 
tyrosinase reaction, produce an oxidase. 

7. For comparative cultural purposes, a definite incubation 
period is very important, since two organisms will show a differ- 
ent relationship in their metabolism (splitting of milk in this 
case) at different periods of incubation. With the prolongation 
of the period of incubation the difference in the quantity of the 
products obtained from the splitting of milk will greatly decrease 
and may, in some cases, almost disappear. 
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We have a great deal of information on the influence of reac- 
tion upon the growth of microérganisms as well as on the changes 
of reaction of the medium which result from the growth of these 
organisms. But, unfortunately, the largest amount of work along 
this line has been done by merely titrating the medium, using a 
single indicato., with acid or alkali solutions. Very few at- 
tempts have been made actually to measure the concentration of 
the hydrogen-ions in solution and study the effect of the buffers 
upon these changes in reaction and thus obtain more definite data 
upon the changes in reaction produced by microérganisms. This 
has been recently pointed out by Clark and Lubs (1917) in a 
series of investigations. Another point to be considered is the 
fact that most of the studies of the changes of reaction of culture 
media produced by microérganisms were conducted with protein 
and peptone rich media, where the buffer effect of the substances 
is very important, an effect which was usually not taken into 
consideration. 

Michaelis and Marcora (1912) stated that B. coli will produce 
in lactose bouillon, independent of the lactose content and initial 
alkalinity of the solution, a concentration of lactic acid equiva- 
lent to pH 5.0 and thus approach a maximum acidity for the 
organism. 

Clark (1915) confirmed the conclusion of Michaelis and Mar- 
cora (1912) that the final hydrogen-ion concentrations are a phys- 
iological constant for B. coli; the greater the buffer effect of the 
31 
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medium the lower the final hydrogen-ion concentration attained. 
Ayers (1916) has shown that streptococci reach a more or less 
definite hydrogen-ion concentration. 

Itano (1916) found that the minimum exponent (pH) for B. 
subtilis was between 4 and 5 (4.82) and the maximum between 
9 and 10 (9.43). The pH of the media was altered in such a way 
that the different exponents were brought toward the optimum 
pH (7.5-8.5). Boas and Leberle (1918) recently reviewed the 
acid production by molds and yeasts and stated that acidity 
depends upon the splitting of the nitrogenous substances, when 
the action hereby produced represses the production of acid from 
carbohydrates; that the acidity is due chiefly to the decompo- 
sition of the carbohydrates, when the nitrogen source does not 
leave an injurious acid as in the case of ammonium salts of strong 
acids; thus the acidity may vary with both carbon and nitrogen 
sources in the medium. Malfitano (1900) has pointed out that 
with the age of cultures of molds proteolysis takes place resulting 
in a decrease in acidity. Boas and Leberle (1918) found that the 
final H-ion concentration obtained lies within wide limits, for A. 
fumigatus between pH 1.56 and 5.7 and for yeasts between pH 
2.94 and 3.80, tending in each case towards a maximum. When 
a maximum is reached, a slow decrease in actual acidity takes 
place, particularly during a long period of incubation, due partly 
to utilization of the acid and partly to its destruction. The lar- 
gest quantities of acid are produced by molds and yeasts from 
the carbon sources; this acid production is repressed by the acid 
radical of ammonium salts of strong acids used as sources of nitro- 
gen. The carbohydrate induces sooner or later an enzymatic 
splitting of protein reacting substances from the nitrogen source, 
chiefly ammonia, which modifies the reaction. 

Davis (1918) and others observed that B. diphtheriae grown in a 
nutrient bouillon produces an initial increase in the hydrogen ion 
concentration followed by a steady decrease until apparently a 
limited alkaline reaction is attained; this may finally change to 
a secondary acidity, the latter never reaching the high point of 
the first acidity. 
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Hoagland (1918) stated that nutrient solutions with an acid 
reaction reach an approximately neutral reaction after contact 
with plant roots for various periods of time. Gainey (1918) has 
shown that the occurrence of Azotobacter in the soil depends 
on the hydrogen-ion concentration of the soil, the organisms being 
present when the concentration of the hydrogen-ion is not more 
than 10-* (pH value not less than 6.0). Waksman (1918) con- 
firmed these observations by showing that cranberry soils having 
an hydrogen-ion concentration of more than 10-* (pH 6.0) do 
not contain any Azotobacter cells. Fred and Loomis (1917) 
found that alfalfa bacteria bring about changes in the reaction of 
the medium which are favorable for their reproduction. 

Miinter (1913) reported that actinomycetes are very suscep- 
tible to acids. Lutman and Cunningham (1914) have shown that 
A. scabies produces no acid, or only very seldom produces any 
acid, on organic media; the best growth of this organism is ob- 
tained in slightly acid or neutral media; the organism is quite 
sensitive to larger quantities of either acids or alkalies. 

Gillespie (1918) has shown that there is a limiting acidity (as 
measured by the hydrogen-ion concentration) for the growth of 
A. scabies (chromogenus); the limiting exponent (pH value) is 
between 4.8 and 5.2; the organisms will grow at a reaction having 
a higher exponent, but not a lower; the growth is accompanied 
by a marked decrease of acidity and the manner of growth gives 
reason to doubt whether more than a poor growth can occur at 
the limiting exponent. 

The investigations reported in the following paper will deal 
with the changes in reaction of the culture medium as affected by 
the growth of actinomycetes as well as the effect of the initial 
reaction of the medium upon the growth of these organisms. 

The medium used most extensively in previous investigations, 
namely a modified Czapek’s solution, was also used in this work. 
To a liter of distilled water containing 1 gram K:HPO,, 0.5 gram 
MgSO,, 0.5 gram KCl, 0.01 gram FeSQ,, were added the different 
carbon and nitrogen compounds. The solutions were distrib- 
uted in tubes (or Erlenmeyer flasks), plugged with cotton and 
sterilized at 15 pounds steam pressure for fifteen minutes. The 
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gelatin media and those containing glucose were sterilized in 
flowing steam for thirty minutes on three consecutive days. In- 
oculation was usually made from agar slants, by introducing a 
small piece of growth into each tube. The cultures were then 
incubated at 25° for fifteen days, unless otherwise stated. At 
the end of the incubation period, the cultures were taken out from 
the incubator and the H-ion concentration of the solution deter- 
mined by the use of the phenol-disulphonic acid series of indi- 
cators of Clark and Lubs (1917). The hydrogen-ion exponent, 
the pH of Sérensen, rather than the concentration of the hydro- 
gen-ions, is used in this work. The data on the growth and trans- 
formation of nitrogen compounds of the studies given in tables 
1 and 2 were reported elsewhere (papers II and ITI of this series). 
Two grams of NaNO, and 30 grams of each source of carbon 
were used per liter of medium in the first series of experiments, 
reported in table 1. 

The data in table 1 clearly bring out the fact that the actino- 
mycetes are not acid producers as so many bacteria are. The 
source of nitrogen was such that it could not stimulate the pro- 
duction of alkaline substances as would proteins through the 
formation of ammonia and other basic substances; the carbo- 
hydrates present were easily fermentable and readily convertible 
into acids, but notwithstanding these two factors, the reaction 
tended to change rather towards alkalinity than towards acidity. 
The data in table 1 do not warrant us to say that any one actino- 
myces produces always a change towards acidity of alkalinity or 
that any one source of carbon is always changed in either direc- 
tion. It was pointed out in paper II of this series that a greater 
change in reaction (usually towards alkalinity) is observed with 
a larger amount of growth and that the change in reaction seems 
to coincide with the amount of nutrients (source of nitrogen 
rather than that of carbon) removed by the organism from the 
solution. It was suggested that the change in reaction towards 
alkaline (increase in the value of the exponent designating the 
hydrogen-ion concentration) may be due to the fact that the or- 
ganisms remove the nitrate ions but not the sodium ions. But 
this explanation will not hold in the light of the data brought 
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forth in table 2. If the alkalinity of the medium is due to the 
utilization of the nitrate-ion, while the sodium ion is left in the 
medium, the same should hold true when NaNO, is present as 
the only source of nitrogen; here the nitrite ion would be removed 
from the medium as the source of nitrogen. But just the oppo- 
site holds true, the nitrite solution becoming in nearly all cases 
more acid. We must look, therefore, for the difference in change 
of reaction not to the using up of the acid ion by the organism, 
but to another factor. It is a commonly accepted fact that the 
addition of NaNO, as a fertilizer, to the soil will leave the soil 
more alkaline, and the tendency is to suggest the previous ex- 
planation. But the fact has not been established as yet whether 
the NaNO; is assimilated by the plants and microérganisms as 
such or only in the form of ions; in the latter case the explanation 
would stand. It cannot, however, explain the difference in be- 
havior of the same organisms upon NaNO; and NaNO, by which 
the first medium is left alkaline and the second acid. 

It was pointed out in paper II of this series that the change 
of reaction towards alkaline usually coincided with the amount 
of growth of a particular species and the nitrate reduction. Those 
sources of carbon which offered a better source of energy would 
allow a greater change in reaction which would be accompanied 
in many cases by the presence of larger quantities of nitrites. In 
the process of reduction of a nitrate to a nitrite molecule, one 
atom of oxygen is split off and this may either combine with one 
atom of hydrogen producing an hydroxy] ion (which may not be 
possible at all) or with a molecule of hydrogen giving a molecule 
of water. In either case the hydrogen tension of the medium 
would be reduced which would explain the decrease of the hydro- 
gen ion concentration of the medium or increase in alkalinity, in 
the case of the nitrate, but not of the nitrite medium. 

The following experiments were carried out, with the purpose 
of finding the effect of the source of nitrogen upon the change in 
reaction; 30 grams of glycerol were used in all cases as a source 
of carbon, and 2 to 5 grams of each source of nitrogen per liter. 
Glycerol was used in this last series, since it proved to be a favor- 
able source of carbon for nearly all actinomycetes, and since it 
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did not change appreciably the reaction of the medium on ster- 
ilization, thus eliminating the source of carbon as a factor in the 
change in reaction (many nitrogen sources, namely the proteins 
and amino acids, could also serve as sources of carbon). The 
concentration of the sources of nitrogen in the experiment re- 
ported in table 2 was as follows: all the inorganic nitrogen sources 
0.2 per cent, organic substances (proteins, amino acids and 
amides) 0.5 per cent. 

There were two periods of incubation of the cultures, the first 
period for most organisms was fifteen to twenty days and the 
second period thirty to thirty-five days; A. bovis and A. asteroides, 
which are slower growing forms (at 25°) were incubated for thirty 
and sixty days. The upper line (early) always designates the 
earlier period of incubation, and lower line (late) the later period 
of incubation for the same organism. 

The data given in table 2 clearly bring out the fact that the 
change in reaction depends entirely upon the nitrogen source, 
varying greatly in this respect with the different organisms. 
Some of these data have been discussed in paper III of this 
series, where the question of the utilization of different nitrogen 
compounds by actinomycetes was taken up. It was pointed 
out that certain compounds, such as leucin, seem to result, in 
nearly all cases, in a more acid reaction and the possibility was 
suggested that the change in reaction of a culture medium con- 
taining proteins, as a result of the growth of microérganisms, may 
be due to the fact that the particular organism may attack one 
or another amino acid group in the protein molecule. 

The different species certainly do not behave alike in their 
action upon the different sources of nitrogen. A. scabies, for 
example, produced in nearly all cases, with different nitrogen 
sources, a change in reaction towards alkalinity, having a larger 
exponent, while A. asteroides, almost invariably, with few excep- 
tions, changed the reaction towards acidity. The fact that the 
organisms utilize the various amino acids in a different degree 
may throw some light upon this question. But a great deal 
more information on this subject is needed, before we can draw 
any definite conclusions. 
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TABLE 2 


The influence of different sources of nitrogen upon the change in reaction (pH values) 
in culture solution produced by Actinomycetes* 
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Casein (EATIY< «6-2 eee ee ees+++-{7-416.817.016.9)7.417.7|7.216. 7/7.5|7.5)8.616.6 
Unter. 6.608.490.4747 2/6 ‘ 
Eee-albumin { PAtly-- «+++ --++-{7-4(6.6)7.416..817.417.7/6.8(6.6)7.5|7.5)8.2/7.617.6 
“65 \Late............\7.416.6'7.416.617.4/8.216.6 7.4|8.0/8.2/6.8 
Pentone { EATIY. «++ -seceee++++.f7-216.6)7.217.217. 217. 417. 416.6)7.7]7.5|8.216.417.0 
prone \ Late.................|7-2\5.816.4/6. 616.218. 417. 7/5. 817. 7|7.618. 215.8 
Asparagin { ESTIY---+-++ +++++.{2-2} |7.7|6.617.7/8.2}7.016.5/7.017.417.7/6.617.0 
peragin'\ Late...............{7.216.4}7.716.2/8.2/8.2|  |6.617.5/7.7/8.215.8 
oie 0140+ 0tcerostus ab.4fe.c 4!7.1/7.2\6. 4\5.8)6.7/7.0|7.3/6.5|7.0 
Ulate. sss ss... fraie.e.6f.0 baneenea 
{Barly................{7.1}6.4)8.216.8/7.217.4)6.7|6.6|7.5|7.7|8.76.417.1 
Glycocoll ¢ A ake 
aR He. me OE Ce 
ae; eee J-s+++++++-|8.0)7.88.6)8.018.018.0)8..0)7.7 8.0)8.0)8.0 
| Late... 2... .............{8-0]8.6)8.0/7.817.818.4/8.1]  |7.8/8.0)8.417.8 
Acotamide { EAtIY. «-.- +. -++++-|7.7}7.0)8.0)7.1]7.4/7.4]7.5/7.1/7.5]7.3)7.5)8.017.6 
I i ve Savane P.7(6-017.87.27.217.67.46.017.3 ia ie 
— { Early its |7.1}7.0)7.2|7.2/7.0)7.4|7.0)7.7/7.1}7.1}7.416.5/7.1 
~~ * | Late beak 7.2)8.4/7.8/7.1) 7.2/5.8 
| 
nano, { Eatly 7.3}6.6)7.4)7.1)7.3)7.1)7.1/7.1/7.1)7.317.4)6.817.1 
; *\ Lat ELST eee ace! 4) 
aa Bacegn 
' Early. , .. (6.7 | 16.7 ee te 
Ss 4 - | | | | | | 
(NH1)800) pate...............16.7] [6464 | [5.8 ieal | | 











* The data on growth and utilization of the different compounds can be found 
in table 1 of paper III of this series. 
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Only one ammonium salt was included in table 2; the data ob- 
tained do not tell us much about the change in reaction produced 
with ammonium sulfate as the only source of nitrogen, since this 
salt was used by most species to only a very limited extent. 
This limited utilization of the ammonium salt may possibly be 
due to the fact that glycerol as a source of carbon is not readily 
available with this source of nitrogen. The same may hold true 
about urea. 

Glucose was found to be a superior source of carbon to glycerol 
for most actinomycetes. This source of carbon was therefore 


TABLE 3 


The change in reaction produced by Actinomycetes in a synthetic medium, with 
glucose as a source of carbon 














onaaninw ere | come | wm 
| 

pH pH pH 

a i iss csins eadadaiobiies dein 58 | 68 7.4 
NIG so ihn ciitn dkenns Miah eewes 4.4 | 4.8 8.4 
BE. ovinccns causes 46 | 44 | 7.7 
Mh. CEPEROCRT ONGOING 6 oo oc iisccvssecees 4.2 | 5.2 6.6 
PEN Orn 540.cbics Cha dawddevissneetes 4.6 | 5.6 8.6 
Oe ie ad ta el aide aaa wal bee Bate 4.4 5.8 8.6 
oO Pre 4.6 7.1 8.1 
+ < bas Geese acer ees aeekeineees 4.4 6.4 8.4 
SRG & & & GUe doce teudiaesedeeed mee 4.6 7.0 | 
ds ccninnntheedevecdonticds 4.6 7.5 | 8.6 
0 SE ee eee ee 4.4 5.6 8.6 





used (3 per cent) with ammonium sulfate, ammonium carbonate 
and urea (0.2 per cent each), as sources of nitrogen. The cultures 
were incubated at 25° for 24 days. A much better growth was 
obtained on these nitrogen compounds, in the presence of glucose, 
than with glycerol. A. madurae, A. bovis, A. bobili, A. reticuli, 
and A. verne made a scant to fair growth on these nitrogen sources. 
A. scabies, A. aureus, A. asteroides, A. viridochromogenus and A. 
violaceus-ruber made a good to very good growth on urea and 
ammonium carbonate and a fair to good growth on ammonium 
sulfate. The changes in reaction are recorded in table 3. 
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All the species turned the reaction of the medium containing 
ammonium sulfate more acid and most of them did so also in 
the media containing the ammonium carbonate, except A. re- 
ticuli, A. madurae and A. bovis which changed the reaction to 
alkaline. In the case of urea, we find that all the organisms, 
with the exception of A. viridochromogenus, caused an increase in 
the exponent of the medium. This change of reaction is readily 
explained in the case of the ammonium salts, since the organisms 
use up the ammonium-ions as a source of nitrogen, leaving the 
sulfate-ion in the medium and this will tend to make the medium 
acid. In the case of the three species that changed the reaction 
of the medium containing the carbonate to alkaline, we assume 
that perhaps the anion is utilized here as well as the cation. The 
increase in the value of the exponent in the urea medium is no 
doubt due to the production of ammonium carbonate out of the 
urea, while the A. viridichromogenus that changes the reaction of 
the urea medium to acid made an abundant growth upon the 
medium and probably used up the alkaline radical. 

The increase in acidity in the ammonium sulfate medium was 
so great that most species made a very poor growth, because the 
limiting hydrogen-ion concentration was promptly reached. 

When ammonium salts of organic acids are present in the 
medium both as sources of nitrogen and carbon, the medium not 
only does not become more acid, but may become strongly alka- 
line. When ammonium malate replaces the sucrose and nitrate 
in the synthetic solution most Actinomyces cultures grow very 
readily, the reaction of the medium changing in all cases to dis- 
tinctly alkaline. This is due to the fact that the malate-ion is 
used as a source of carbon to a much greater extent than the 
ammonium-ion as a source of nitrogen, since the energy-need of 
the organism is greater than the nitrogen-need. 

Four liquid media commonly used in bacteriological work were 
next studied as to their change in reaction resulting from the 
growth of Actinomycetes. These media were prepared as fol- 
lows: 15 per cent of Gold Label Gelatin in distilled water as well . 
as 15 per cent of gelatin, with the addition of 1 per cent of starch, 
were made up in the usual way, tubed and sterilized; the reaction 
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was left unadjusted; glucose broth containing 1 per cent peptone, 
0.5 per cent Liebig’s meat extract, 0.5 per cent of NaCl and 1 
per cent of glucose, reaction adjusted to pH 8.0; milk to which 
brom cresol purple was added as an indicator, as suggested by 
Clark and Lubs (1917). The gelatin cultures were incubated at 
18° for thirty-five days and pH determinations made on the 
liquefied portion of the gelatin; the glucose broth cultures were 
incubated at 25° for 15 days and the milk at 37° for fifteen to 
twenty days. No pH determination could be made with the 
milk cultures, for very obvious reasons, but the change in reac- 
tion was designated as follows: 0 no change, + faint alkalinity, 
++ fair, +++ good, ++++ highest alkalinity. 

The data presented in table 4 again bear out the fact that an 
Actinomyces may produce acid in one medium, while another 
medium will be made alkaline; the change in reaction seems to 
depend entirely on the source of nitrogen. While there was 
usually very little difference between the gelatin cultures contain- 
ing starch and those not containing any available carbohydrate, 
the difference between the change in reaction produced in gela- 
tin, glucose broth and the milk was often quite distinct. In sev- 
eral cases the organisms acted alike on all media: A. violaceus- 
ruber, A. poolensis, 96, A. griseus, 206, 161, and others left all 
the media distinctly alkaline; A. scabies, which, as was pointed 
out in table 2, has a tendency to turn the medium always alka- 
line behaved in a similar way in these experiments. A. reti- 
culus-ruber, 145, and 154 left all the media distinctly acid (milk 
unchanged, gelatin changed from acid to slightly less acid). 
Other organisms, however, such as A. lavendulae, A. exfoliatus, 
A. alboflavus, A. albosporeus and others changed one medium to 
acid and another medium to alkaline. 

The addition of 1 per cent starch to the gelatin had, in most 
instances, no effect on the change of reaction and even resulted 
in few cases in a more alkaline reaction (A. scabies, A. pheochro- 
mogenus, A. rutgersensis), although, where there was a change in 
reaction, it was usually towards acidity. The addition of starch 
resulted in a number of cases in leaving the medium more acid 
(lower pH value or greater hydrogen-ion concentrations are 
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TABLE 4 


Change in reaction (pH values) produced by the growth of Actinomycetes in culture 
solutions containing different proteins* 





15 PER CENT 














onaaxin eee =, | a | = 
| | CENT STARCH 

eS on eed 6.2 6.2 7.9 0 
A. violaceus-ruber..........| 8.0 8.0 6.6 | +++ 
Ce a ee ee 6.3 5.8 6.8 + 
A. scabies. . iseabah 7.9 8.2 | 7.8 ++ 
A. pheochromogenus........ 77 8.4 8.0 oe 
BE Sanne esiven ea Nise ds 7.7 7.7 8.2 ++ 
A. chromogenus 206........ 7.8 7.4 7.6 +++ 
rE 70 gn pir tok tank ound boa 7.4 7.6 5.6 0 
ER: OE PR ae eS eee 7.6 7.6 8.2 +++ 
Ee a ae ee 8.0 | 8.0 8.1 ++ 
SN. Si nds kd on ataktad 7.9 6.6 7.1 ++++ 
ie GI ho cone wns wins 7.8 7.1 7.5 0-+ 
ES, 6 idl evens dai ae 4 6.4 7.2 +44 
Sess Sc wn x 0bS cee 5.8 5.8 7.2 eae 
MR eet 53, tue 7.8 | 7.6 8.4 ++++ 
A.ruigersensis ............ 7.6 | 8.0 | 7.8 Pane 
SERS | 7.6 | 7.3 0 
A, reticulus-ruber....... 6.5 6.6 5.2 0 
Be, TE 6 gi a ove cc cetvs 5.8 5.6 | ++++ 
pS  Eerr ers 6.2 5.6 | 7.6 ++ 
Ce 7.5 6.4 7.5 a 
pg ee 7.6 8.0 eainainaian 
PDS cae ccedusteeacs 7.9 6.4 8.0 ++ 
By MOINES. 000k séenvisses 7.9 3) .).-8e +++ 
96... 8.0 8.0 8.3 woe 
104... 6.5 6.4 8.6 ++ 
128.. 8.5 7.6 8.6 44 
Sis cca te ccbabidhvdks bet 5.8 6.2 | 6.4 0 
EE ae ec wee 5.8 5.8 7.4 0 
eS Naerahe SC? 6.4 | 6.0 | 5.8 ++++ 











* The gelatin cultures were incubated for thirty days at 18°, glucose broth 
at 25° and milk at 37° for fifteen to twenty days. 


obtained) than in the corresponding culture on gelatin where the 
starch was absent. But no hasty conclusion should be drawn 
that these organisms produce acid out of the starch; there was 
probably no acid produced, but the presence of starch resulted 
in a change in the utilization of the gelatin, which produced a 
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different reaction. When the utilization and splitting of the 
gelatin in the absence and presence of starch are studied (data 
reported in paper III of series), we find that, in the presence of 
starch, the gelatin was often attacked to a lesser extent than 
in the absence of starch and since the reaction in that case was 
usually more acid, we can conclude that the alkalinity is produced 
as a result of the splitting of the gelatin molecules and a greater 
acidity is due not to the production of acid from the starch, but 
to the smaller amount of gelatin split. The available carbo- 
hydrate thus exerts a protective action upon the protein (selec- 
tive metabolism) as in the case of bacteria and molds, and the 
difference in reaction in this instance is due to the difference in 
the nitrogen and carbon metabolism of the organism. 

To study further the effect of an available carbohydrate upon 
the change in hydrogen-ion concentration of protein media as a 
result of the growth of actinomycetes and compare it with the 
effect produced upon bacteria, the following experiment was 
outlined. Plain bouillon was made up according to the routine 
bacteriological methods and divided into 2 portions; 1 per cent 
glucose was added to one portion, but not to the other. The 
media were tubed and sterilized, then incubated with a known 
acid producing bacterium (B. coli), a known protein splitting 
bacterium (B. proteus), a common mold (Aspergillus niger) and 
several actinomycetes. The cultures were incubated at 37° and, 
at the end of three and seven days, the reaction was determined. 

B. coli, in the absence of glucose, changed the reaction at first 
to slightly acid (acting probably on the sugar present in the 
meat infusion), but soon turned it to alkaline; in the presence of 
glucose, the medium changed to a distinct acid, the acidity in- 
creasing with the period of incubation. B. proteus changed the 
medium, free from glucose, to a distinct alkaline and, in the pres- 
ence of glucose, to a distinct acid. Aspergillus niger, which 
rapidly attacks both proteins and carbohydrates left the glu- 
cose-free and the glucose media more alkaline than did both 
bacteria, also, however, producing a distinct acidity in the 
glucose medium. The actinomycetes changed the glucose-free 
medium in nearly all cases to alkaline (except A. poolensis) and 
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the glucose medium to a slight acid, but the increase in acidity 
was a good deal less than that produced by the bacteria or 
even by Aspergillus niger. It may be quite possible that 
some actinomyces produce certain acids from carbohydrates, 
but to explain the change in reaction produced by these organ- 
isms in the medium, we must look rather towards their action 
upon the proteins. The carbohydrates affect the change in 
reaction by affecting the protein metabolism of the actinomycetes. 

Gillespie (1918), has pointed out that A. scabies will not develop 
in a medium that has a lower exponent than pH— 4.8 to 5.2. 














TABLE 5 
The effect of glucose upon the change in reaction produced by microdrganisms in the 
medium 
NO GLUCOSE 1 PER CENT GLUCOSE 
ORGANISM 
| Three days Seven days Three days Seven days 
pH pH pH pH 
ere er 8.2 8.2 7.8 7.8 
ist trensiiinnnt ne sel 7.5 8.8 6.0 4.8 
B. proteus.... sign oabcants Het 8.1 8.8 6.6 5.2 
Aspergillus niger. . paiec van 8.4 9.0 7.4 7.1 
Pe Ear 8.4 8.3 7.6 7.5 
A. viridochromogenus....... 8.6 8.8 7.8 7.3 
ae. 8.3 7.5 
Ones ea 8.5 7.7 7.7 
meas. es. Bcd 7.8 7.2 
A. BCOD168 , 0... cc ceecccvceesl 7.8 7.7 7.6 7.3 














The effect of reaction upon the growth of actinomycetes was 
studied by us both in synthetic and organic media. 

A series of synthetic media were made up having different 
hydrogen-ion concentrations adjusted by the use of buffers. 
Each medium contained 30 grams glycerol, 0.5 gram MgSO,, 
0.5 gram KCl, 0.01 gram FeSO, and 5 grams asparagin per 
liter. The reaction was adjusted by the use of phosphates and 
carbonates. 

The cultures were inoculated in duplicate, as usual, from the 
same mother culture, and incubated at 25°. At the end of 
fifteen days, the cultures were examined and pH values of solu- 
tions determined. 
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The influence of the hydrogen-ion concentration of the medium upon the growth of 
Actinomycetes, using synthetic media* 
| INITIAL REACTION OF MEDIUM (pH VALvE 
NAME OF ORGANISM om . . 
| 4.4 | 4.6 48) 50 |62/66|71|/82/85\87 
A. viol ; | Growth lololo| 0-1 | 2/3) 3 |3-4/2-3/3-0 
A.v us T r 5 | » ale ale - » 
— \| Final pH ' 4/4.6)4 8| 5.0 |6.6/6.6)7.2)8.0/7.2)8.6 
Peal 
iil {| Growth o. 0 0 | 0} 01 |? | 3/2)1/0)0 
F Peo || Final pH 4.414.648 5.0 8.08.1/7.4)8.2/8.5)8.5 
em 4 | | 
| | 
Pe {| Growth |0/0/0] 01 |3/3/3/3/3)3 
ee s* ‘\| Final pH ese 5.0-7.5/7.9/8.0/7.818.2/8.418.5 
| ; 
ee {| Growth lo 0/0 12 |3/|3 /34/0/0/0 
; 8 sea atl oe din abe ale aha Gla: & 
\| Final pH slelel te lelebdelele 





* Where two values are given, each value stands 


TABLE 7 


for a different tube. 


Growth of Actinomycetes on gelatin media of different hydrogen-ion concentrations 


and the change in reaction resulting 





NAME OF ORGANISM 





: Growth 
. violaceus ruber....... 


y Final pH 
Ns Ek a { Seaton 
A. lavendulae........ {| Sunn a 
ee | aE 
IE. non canes stad . { sae 
0 EE LEE 4 snes 
il a 4 Growth 





Final pH 


INITIAL pH VALUE 


} 4.6 5.0 5.4 | 6.6/6.8 73 8.2 vend 


lo | 3| 13|3/3/3] 
4.6/8. 2|7.6 8.0)8.0/8.0/8.0 


jtls|alalals} als 
4.8\7.117.8'7.8/7.7/8.0/8.0'8.0 


} | | | 
y}0/21414/4/4/3 
4.6 16. 6/8.6)/8 2'8 2/8.6)8 
awa 
lolo|2/3/3/3\3 
6.4/7.6)7.6|7.7/7.8 


9 
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0 


| 
me 
lolol4 4/4) 
4.615.2/7.617.617.6/7 
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10) 3] 
4.68.2 


414/\4 
7.7/7.88.18.0/8.0)8.2 
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The same species were also inoculated upon a series of gelatin 
tubes (15 per cent in distilled water) adjusted to different hy- 
drogen-ion concentrations. These were incubated at 18 to 20° 
for thirty days. The reaction of the liquefied portion was then 
determined, using the phenol-sulphonephthalein series of indi- 
cators and comparator tubes. The results of these few experiments 
are given in tables 6 and 7. 

The results reported in the two tables are interesting; they 
point out clearly how little trust we should lay upon the change 
of reaction produced in the medium if the initial reaction is not 
known. It is quite evident that the reaction tends to a final 
point for most species, this being the optimum reaction for the 
growth of the actinomycetes, if the initial reaction is not beyond 
the limits where any growth may take place. When the reac- 
tion of the medium is too acid it tends to become less acid or 
more alkaline as a result of the growth of the Actinomyces 
species; when the reaction of the medium is too alkaline, it 
tends to become less alkaline as a result of the growth of the 
organisms. As far as the reaction is concerned, most actino- 
mycetes are able to develop on the medium for a long period of 
time since the reaction thus tends to reach an optimum value. 


SUMMARY 


1. The Actinomycetes are not able to produce any appreciable 
quantities of acid from the carbohydrates studied. The change 
in reaction of the medium is due to the source of nitrogen. 

2. With different sources of carbon and NaNO; as a source of 
nitrogen the reaction of the medium tends to become alkaline. 
When NaNO; is replaced by NaNO, those organisms that can 
grow on the latter source of nitrogen, change the medium to acid 
rather than to alkaline. This difference in behavior of the or- 
ganism upon those two sources of nitrogen is explained as fol- 
lows: The Actinomycetes reduce the nitrate to nitrite more or 
less actively; the oxygen split off from the nitrate molecule is 
united with the hydrogen or other reducing substances of the 
medium, thus tending to reduce the hydrogen tension of the 
medium. 
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3. When ammonium salts of strong acids are present as the 
only source of nitrogen, the medium tends to become distinctly 
acid, due to the fact that the cation is used up by the organism 
and the anion is left in the medium. 

4. With proteins and amino acids the reaction may be un- 
changed, or may become acid or alkaline, depending on the 
species, source of carbon and original hydrogen ion concentra- 
tion of the medium. Certain species seem to change the reac- 
tion of the protein and amino acid media always to alkaline, 
others always to acid. Leucin, as the only source of nitrogen, 
nearly always favors a distinct acidity of the medium. 

5. The presence of an available carbohydrate in a protein 
medium seems to favor the change of reaction to a more acid 
one. This is explained by the effect of the carbohydrate upon 
the nitrogen metabolism of the organisms and not by a direct 
acid production. 

6. With media of different hydrogen-ion concentrations, the 
reaction tends to an optimum; the more acid media tend to be- 
come less acid and the more alkaline media (above the optimum) 
less alkaline. 
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The interesting fact that ultra violet rays have the power of de- 
stroying bacteria has been known for some time and has received 
extensive application in a variety of ways. These rays, which 
are emitted by nearly every source of light to some extent, and 
by electric discharges between electrodes of easily volatilizable 
metals in particular, are of wave lengths shorter than those per- 
ceptible totheeye. Ultraviolet radiations are very active chemi- 
cally, among their noticeable chemical reactions being the forma- 
tion of nitrous acid and of ozone, the decomposition of silver and 
mercury salts and the decomposition of certain organic com- 
pounds. Some organic substances tend to become polymerized 
when exposed to the action of ultra violet rays. Thus, Pribram 
and Franke found that recently distilled formaldehyde after 
being exposed to ultra violet rays for some time contained a 
substance which was identified as glycolyl aldehyde. Similarly, 
Ostromisslenski (1912) showed that vinyl bromide is polymerized 
in a few hours to cauprene bromide. Numerous other investi- 
gators, Kailau, Thiele, Lesure, Berthelot and Gaudechon, have 
demonstrated the effect of these rays in causing polymerization or 
decomposition. 

Ultra violet rays have been employed chiefly as a bactericidal 
agent and the reason for this is not far to seek. Sterilization by 
light affords a very convenient mode of application and does 
not introduce any objectionable substance into the material 
acted upon. The method is limited, practically, by the fact 
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that turbid and colloidal solutions are difficult to sterilize, al- 
though in small quantities the presence of a colloidal substance 
does not interfere seriously. The particles present in a turbid 
solution cast shadows and consequently cut down the effective- 
ness of the rays (Oker-Blom, 1913). Other limitations imposed 
are due to the thickness of the liquid films and the distance 
from the source of the light. The presence of coloring matter 
does not decrease the effectiveness of the rays to any great 
extent (Houghton and Davis, 1914). 

The intense activity of ultra violet rays has also been shown 
in a number of other ways. It has been shown, for instance, 
that the amoebae in a water supply, whether motile or encysted, 
are killed by a comparatively short exposure to ultra violet rays 
(Chamberlain and Vedder, 1911), hemolytic amboceptors di- 
luted 1: 100 and exposed for 10 minutes are destroyed (Stiner 
and Abelin, 1914), diphtheria toxin is weakened by exposure 
(Hartoch, Schiirmann and Stiner, 1914), amylase and invertin are 
sensitive to ultra violet rays, and albumin is coagulated by their 
action (Chaulpecky, 1912-13). 

The activity of ultra violet rays as a bactericide is indicated 
by the fact that exposure of a fraction of a second (in some 
cases one-twentieth) close to the lamp will result in the death of 
microbes (von Recklinghausen, 1914). The abiotic power 
diminishes about as the square of the distance from the lamp. 
It has been found that the relative sensitivity of different germs 
does not vary as much as in the case of heat and disinfectants. 
For instance, spores are often twenty times as resistant as the 
unprotected germs against chemicals, while against ultra violet 
rays they are only 1.5 to 5 times as resistant as ordinary unpro- 
tected water bacteria. 

The abiotic action of ultra violet rays is independent of the 
temperature between 0 and 55°C. Thus, it has been found that 
the effect is the same in clearly frozen ice as in water. It is 
searcely probable that by the action of the rays during the short 
time necessary to kill the bacteria the entire bacterial cell should 
be chemically changed, coagulated or otherwise modified. The 
opinion has been ventured (von Recklinghausen, 1914) that 
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probably some ferment or similar product contained in the cell 
is modified by the rays and that thereby the cell is poisoned. 

With the innovation of lipovaccines, the question of an ade- 
quate method of sterilizing the oil which serves as a vehicle for 
the antigen has taken new form. Apparently it is difficult to 
sterilize such oils as olive or cotton seed oil contaminated with 
spore forming organisms without carrying the oil to a higher 
temperature than is usually employed for sterilization. Again, 
such oils heated for a time at high temperatures are found to be 
irritating when injected subcutaneously (Le Morgine and Pinoy, 
1916), probably due to the toxicity of the fatty acids and alde- 
hydes split from the oil in the process of sterilization. Free 
fatty acids (from butyric acid and upwards in molecular weight), 
in so far as they are soluble in water, and aldehydes, are poisonous. 

Because of the bactericidal properties of ultra violet rays, the 
experiments detailed herein were made, with the view of testing 
the applicability of rays of this type to the sterilization of cer- 
tain oils. The oils employed in these experiments were (1) 
sweet almond oil, (2) cottonseed oil of a grade known as Wesson 
Oil, and (3) olive oil (Lucca Cream). These oils as received were 
usually very slightly opaque and contained a small amount of 
water. As an emulsion of oil and water is opaque to ultra 
violet rays, and as the presence of water in the oil is objection- 
able in the preparation of lipovaccines since it causes autolysis 
of the bacteria, the oils were dried and filtered. The principal 
drying agents used were calcium chloride and anhydrous sodium 
sulphate. Of these two the latter is quite satisfactory for 
routine work. 

The dried oil after filtration was purposely inoculated with 
various spore forming bacteria or molds and exposed to the ultra 
violet rays. Portions of inoculated oil exposed in petri dishes at 
various distances from the source of ultra violet radiation and 
for various lengths of time established the fact that oil could 
be completely sterilized by an exposure of 3-5 minutes at a 
distance of 10 cm. The inoculated oil was chilled throughout 
the exposure by floating the Petri dish on ice water. 
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The source of ultra violet light was an R.U.V. straight tube 
quartz mercury vapor lamp operating at 175 volts and 3.8 
amperes when at its maximum. This lamp furnished a very 
constant source of ultra violet radiation, having once attained 
its maximum brilliancy. The straight tube lamp is especially 
advantageous in securing uniformity of exposure, since the rays 
are distributed throughout its length rather than concentrated 
at one point. 

TABLE 1 


Exposure at & cm. distance 





| 
| RESULTS 
NUMBER AMOUNT TIME 





























| fy Plate Glucose agar tube 
B. Coli 

We ma | cc. %s minutes SERENE peer 
1 0.3 3 No growth No gas 
2 0.3 10 No growth No gas 
3 0.3 15 1 colony No gas 
4 | 0.3 3 No growth No gas 
5 0.3 10 No growth No gas 
6 | 0.3 15 No growth No gas 

B. subtilis 

1 0.3 3 2 colonies 
2 0.3 10 2 colonies 
3 0.3 15 No growth 
4 0.3 ‘ No growth 
5 0.3 10 No growth 
6 | 0.3 15 No growth 








The samples of inoculated oil were prepared by grinding up 
the dried bacteria or mold spores with oil, so as to form an even 
emulsion and then filtering through coarse filter paper in order to 
free the oil from the larger particles. Control experiments made 
with this inoculated oil by plating it on agar always yielded a 
large number of colonies. In order to test the effect of the ultra 
violet rays on this inoculated oil, portions of it were exposed in 
open dishes at a fixed distance from the lamp and for varying 
lengths of time. The preliminary results thus obtained are 
shown in table 1. 
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In another series of experiments, ten tests were made with 0.3 
cc. of dried oil containing B. subtilis. The time of exposure was 
two minutes in one case, four minutes in one case, five minutes 
in one case and three minutes in the other seven cases. Agar 
plates made after treatment were all sterile while control plates 
were crowded. 

In these experiments the inoculated oil after exposure to the 
ultra violet radiation was emulsified with beef infusion agar, 
plated and incubated for periods up to forty hours. These re- 
sults indicated that three minutes exposure at a distance of five 
centimeters was sufficient to sterilize the oil effectively. Further 
experiments were made with B. subtilis, in order to test the efiect 


TABLE 2 
B. subtilis in dried and filt l 
NUMBER TIME DISTANCE VOLTAGE 
minutes cm. 
1 ] 5 110 No growth 
2 2 5 110 No growth 
3 3 5 Light subdued 20 colonies 
4 3 25 110 No growth 
5 4 25 110 No growth 
6 5 25 110 No growth 
Control Crowded 


of the ultra violet rays upon the spores, since this is an important 
test of the efficiency of the method of sterilizing oils. The re- 
sults were as follows, exposure of the oil inoculated with B. 
subtilis being always for three minutes; in eighteen tests made 
with one emulsion (the voltage being 60 in six cases and 90 in 
twelve cases) and in twelve tests made with a second emulsion 
(the voltage being 60 in three cases and 90 in nine cases) all 
plates were sterile after 16 to 40 hours. 

The results of another series of tests in which dried and 
filtered oil was used are shown in table 2. 

The results obtained above in sterilizing oil that had been 
inoculated with B. subtilis indicated that an exposure of the oil 
for three minutes at a distance of five centimeters was sufficient 
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to kill both the vegetative form and the spore. Further ex- 
periments were made in which both the time of exposure and 
the distance from the source of light were varied. These are 
set forth in the following table. Apparently Aspergillus niger 
and 8B. coli in oil emulsion are somewhat more susceptible to 
ultra violet radiation than B. subtilis. 

















TABLE 3 
| B. COLI 
TIME B. SUBTILIS ASPERGILLUS NIGER es — ———EEE ——EEE 
Agar plate | Glucose agar tube 
Emulsion I. Distance from lamp. 10 em. 
minutes Spe ert, ait 

| 

5 No growth No growth No growth No gas 

4 No growth No growth No growth No gas 

3 No growth No growth | No growth No gas 

2 2 colonies No growth No growth No gas 

l 17 colonies Growth 

3 Growth 

J | 35 colonies | Growth 

4 | Crowded | Growth 

Control Crowded | Growth | Growth Gas 
Emulsion II. Distance from lamp 5 cm. 
ainodaed : ; 

3 | Nogrowth | No growth No growth No gas 

2 | Colonies | No growth No growth | No gas 

1 | Colonies | Colonies No growth No gas 

3 | Colonies Colonies No growth | No gas 

; Colonies Colonies No growth No gas 

H Colonies | Colonies 3 colonies | No gas 

Control Colonies Colonies 3 colonies Gas 








It will be noted in this connection that spore bearing molds 
are quite as susceptible to ultra violet rays as B. subtilis, an 
important point, since raw olive oil in particular was frequently 
found to be contaminated with various molds. The effect of 
ultra violet rays upon oil emulsions of Mucor and Penicillium 
was also noted. The results obtained were similar in all re- 
spects to those obtained with Aspergillus niger. With refer- 
ence to the above, it is interesting to note that in the case of 
aqueous suspensions of different species of Penicillium, Asper- 
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gillus and Mucor, Haughton and Davis (1914) noted only a 
relatively small destructive effect of ultra violet radiation— in no 
case greater than 20 per cent. They concluded, therefore, that 
molds cannot be killed by ultra violet light except when present 
in very small amounts. 

The method described above of exposing oil in open dishes to 
the ultra violet radiation in order to produce sterility is not ap 
plicable practically. Numerous means suggest themselves of 
sterilizing a liquid in thin films, such as flowing the oil over a 
quartz plate placed directly over the source of ultra violet 
energy, flowing the oil in open troughs beneath the lamp, ete, 
all of which are limited by the fact that the oil is thus exposed to 
contamination by dust, or likely to be heated unduly. The 
method of exposure finally adopted was that of flowing the oil 
through a spiral tube made of transparent quartz having a 
bore of 3 to 3.5 mm. and extending the length of the mercury 
vapor lamp. ‘The oil within the spiral was kept cool by enclos- 
ing the spiral in a gauze jacket over which ice water flowed 
from a number of fine jets. With this arrangement, the oil at 
the point of delivery never exceeded 60° in temperature, although 
it was exposed at a distance of only one centimeter from the 
lamp. Oil was fed into the spiral by gravity and the lower end 
of the spiral extended into a sterile flask so that the oil from the 
spiral could be collected under sterile conditions. One and a 
half liters per hour of cotton seed oil can be sterilized with this 





arrangement. The apparatus set up for use is shown in figure 1. 

With the above arrangement and with the mercury lamp 
working at 48 to 60 volts, samples of olive oil emulsions of B. 
subtilis were run through the spiral, the time of exposure being 
varied over several minutes. These experiments indicated that 
eight minutes at a voltage of 48, or three and a half minutes at a 
voltage of 60, secured effective sterilization. ‘These results indi- 
cate that the voltage at which the lamp is operating consider- 
ably influences its effectiveness. The efficiency of the lamp 
was therefore increased by insulating the cathode with asbestos. 
By means of this arrangement the voltage across the terminals 
was increased to 150. 











ee 
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The method of determining sterility adopted in the earlier 
part of this work, i.e., emulsifying the oil directly with beef in- 
fusion agar and plating, is open to the objection that incomplete 
contact is secured between the oil and the agar, so that no 





Fie. 1 


growth is not conclusive proof of sterility. As a consequence, a 
method which gives a far more accurate index of sterility was 
adopted. This consists in shaking samples of the oil with sterile 
beef broth contained in small glass bottles together with a few 
glass beads and incubating for twenty-four hours. At the end 
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of the twenty-four hour period, 1 ec. samples of the broth were 
plated out in beef infusion agar. While this increased thi 
chance of contamination somewhat, it afforded a much mor 
delicate test of sterility. The effectiveness of the mercury lamp 
when operating at higher voltages in causing sterility is indicated 
by the fact that twenty tests of B. subtilis suspended in oliv: 
oil in the quartz tube for four minutes (voltage 140 in ten tests 
150 in the other ten) showed no growth in any case after twenty 
four hours incubation in broth and twenty-four hours cultiva- 
tion on the plate, although control plates were crowded with 
colonies. The same result was obtained in another series of 
seven tests made by four minute exposure to 150 volts and ot 
five tests made by two minute exposure to only 130 volts. 

These and subsequent experiments have amply demonstrated 
that oils of the nature described can be sterilized at the rate of 
1} liters an hour with a small ultra violet ray equipment. 


THE ACTION OF ULTRA VIOLET RAYS ON LIPASI 


In connection with the action of ultra violet rays on bacteria 
it is of interest to note also their effect on the lipolytic enzymes 
present in raw vegetable oils. The presence of lipases in oil 
used in the preparation of lipo vaccines would be somewhat 
objectionable owing to the more rapid formation of free fatty 
acids after injection. As an instance of this phenomenon, raw 
cotton seed oil which had been incubated at 37° for eightee: 
hours showed an increase in acid value from 0.11 to 0.78. 

That ultra violet rays definitely affect enzymes has bee 
shown in a number of cases. Agulhon (1912) found that sucras« 
amylase, catalase, lactase, and peroxidase were all rendered 
active by these radiations. Mazoue found that the inact 
vation due to ultra violet light rays is extremely rapid at the 
beginning upon amylase and invertin. In a mixture of the tw 
the amylase, because of its greater sensitiveness to the rays, is 
weakened much more rapidly than the invertin. Bruge, Fischer 
and Weill (1916) found that secretin, pepsin, trypsin, ptyalin 
amylopsin and trypsinogen were destroyed by exposure to ultra 
violet radiation, the rate of destruction being proportional to 
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the amount of energy applied. The following study shows that 
lipases suspended in oil are greatly weakened, if not destroyed, 
by exposure to ultra violet rays. 

To obtain a suspension of lipolytic enzymes in oil, 0.5 gram 
of pancreas extract (Fairchild Bros. & Foster) was emulsified in 
500 ec. of dried and filtered cotton seed oil. Portions of this 
emulsion were exposed at a distance of 5 em. from the quartz 
mereury vapor lamp for different lengths of time. The tem- 
perature was kept below 40° by exposing the emulsion in thin 
layers in open dishes floated on ice water. 10 ec. of the emulsion 
so exposed were emulsified with 10 ec. of distilled water and 
incubated at 37° for eighteen hours. No great increase in 
acidity was observed in samples so incubated over those incu- 
bated for a few hours only. After incubation the samples of 
emulsion were titrated with N/100 sodium hydroxide, using 
phenolphthalein as an indicator. 

Similar experiments were made using a fresh suspension of the 
pancreatic extract, but flowing the suspension around the lamp 
by means of the quartz spiral and at the same time chilling the 
oil. Small quantities could thus be handled at a speed allowing 
an exposure of one minute. By returning the oily suspension 
through the spiral, exposures of from one to ten minutes could 
be made with the one sample. Portions were drawn off for each 
minute of exposure, emulsified with 10 cc. of distilled water and 
incubated for eighteen hours at 37° in flat dishes. The purpose 
of this technique was to insure as large a surface of contact be- 
tween the oil suspension and the water as possible. After incu- 
bation, the dishes were washed out with water and the emulsion 
titrated as before. The results are collected in the tables below 
and shown graphically in figure 2. 

The variation between the values for the incubated lipase 
suspensions may perhaps be due to variation in the enzyme con- 
tent of different portions of the pancreatic extract. In any case, 
however, these values indicate that the lipolytic action of the 
enzyme is weakened or inhibited by the action of the ultra 
violet rays and that the greatest change in the enzyme occurs 


within the first few minutes of exposure, i.e., during the period 
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of effective sterilization of the oil. The amount of enzyme pres- 
ent in the raw oil must be small, since the amount of acid present 


TABLE 4 


Lipase suspension in cotton seed oil 





— . . INCUBATION N/100 NaOH 
CONDITION EXPOSURE oamee RBOUIRED 
minutes hours cc 
Raw oil....... Pet clear — ad aork 0 0 0.2 
R . ; 0 0 0.2 
Dried and filtered oil.................. %| 
0 18 1.4 
| 0 0 4.0 
0 18 50.0 
Dried, filtered suspension.............. 4 3.5 18 13.0 
|| 5.0 i8 9.1 
10.0 18 5.4 
TABLE 5 


Lipase suspension in cotton seed oil 





rc ‘ N/100 Nat 
CONDITION | EXPOSURE —— 100 NOH 








PERIOD REQUIRED 
minules hours ec 

Dried and filtered oil....................] 0 | 18 1.0 
0 0 1.6 

| 0 18 | 27.9 

l | 18 4.4 

2 18 3.9 

3 18 3.6 

Lipase suspension......... ra ‘ 18 3.2 
| 5 18 2.7 

6 18 2.3 

| 7 18 1.9 

8 18 1.6 

9 18 1.9 

10 18 2.3 





after eighteen hours incubation with distilled water serves to 
increase the amount of N/100 NaOH required from 0.2 ec. to 
1.0—-1.4 cc. only. 
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The pancreatic lipase preparation is not wholly satisfactory 
to work with in this case, as we are more particularly interested 
in the action of ultra violet rays upon the vegetable lipases occur- 
ring in the oil naturally. Accordingly similar experiments were 
made with a lipase from a vegetable source (castor bean lipase). 
The lipolytic activity of the castor bean lipase was about one 


NUMBER OF cc WAcO Nach 





' 2 3 4 s & 7 e s to 
TIME OF EXPOSURE MINUTES 


Fic. 2 
third that of the pancreatic lipase, but relatively the same effect 
was obtained on exposing the lipase suspensions in oil to ultra 


violet rays, namely an effective decrease in enzyme action after 
exposure. 


THE RATE OF STERILIZATION OF OIL 


In order to obtain an approximation of the rate of sterilization 


of oil by means of ultra violet rays, portions of an emulsion of 


B. subtilis in olive oil were exposed for different periods of time. 
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Samples of 2 cc. were exposed in glass dishes under the lamp at 
a distance of 10 em. After exposure, 1 cc. of each sample was 
emulsified in 5 ec. of beef broth, plated in agar and incubated for 
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Fia. 3 


twenty-four hours at 37°. The results of these experiments are 
shown in the curve, figure 3, and indicate that by far the greatest 


amount of sterilization is secured during the first sixty seconds 
of exposure. 
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THE PENETRABILITY OF OIL TO ULTRA VIOLET RAYS 


In connection with the sterilization of oils, a measure of their 
penetrability to ultra violet rays is of some practical importance. 
In order to determine this, agar plates were painted with a saline 
suspension of a staphylococcus and exposed to ultra violet rays 
filtered through layers of oil of various thicknesses. The oil was 
contained in a cylindrical cell provided with a flat transparent 
quartz bottom. The cell was so fixed in the cover of a light- 
tight box that a portion of the agar plate within the box was ex- 
posed to ultra violet rays filtered through the oil films. After 
incubation, the area exposed, in cases where the sterilization was 
effective, was clearly marked as a circle in which no colonies were 
visible. The results are given in table 6. 


TABLE 6 
The penetrability of oil to ultra violet rays 
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mm. 

5 Developed Developed Developed 

4 No growth Developed Developed 

3 No growth Developed Developed 

2 No growth Developed Developed 

1 No growth No growth Developed 

Control Developed Developed Developed 





In these experiments (table 6) the agar plates were at a dis- 
tance of 6 cm. from the lamp and the quartz plate was 2 mm. 
thick. From the results obtained it is apparent that layers of 
oil 4 mm. in thickness may be penetrated by ultra violet rays in 
sufficient amount to effect sterilization provided the time of ex- 
posure is sufficient. In this connection it is interesting to note 
that Vallet (1910) found that with aqueous salt solutions the 
ultra violet rays were held back and sterilization did not occur 
when the light had to penetrate a few drops of oil. In the latter 
case the opacity was doubtless due to the oil-water emulsion at 


the surface of contact, a condition quite different from that pre- 
sented by an oil film itself. 
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CHEMICAL CHANGES PRODUCED IN THE OIL BY EXPOSURE TO 
ULTRA VIOLET RAYS 


The effect of the ultra violet rays on the oil itself was carefully 
studied with the view of detecting the extent of the changes pro- 
duced. The oils used were almond, cotton seed and olive. The 
quantitative examination included the determination of the acid 
value, the iodine value, Reichert-Meissl value, saponification 
value, soluble acids, density, viscosity and refractive index. 
These analytical values were obtained in each case with (a) the 
raw oil, (b) oil that had been dried and filtered, and (c) dried and 
filtered oil that had been exposed to ultra violet rays sufficiently 
long to ensure sterilization. 

No significant change was noted in any of the above cases. 
The two constants that would most likely be affected by ultra 
violet rays are the iodine absorption number and the acid number. 
If there were any tendency towards polymerization or resinifi- 
cation, as is found to be the case with some unsaturated organic 
compounds under the action of light, the iodine number would 
be decreased. Oxidation would produce the same effect. If 
the ultra violet rays affected the glycerol esters, causing them to 
split into free fatty acids and glycerol, the acid value would be 
markedly increased. As a matter of fact no significant change 
in the oil could be detected by means of any of the constants 
determined. In spite of these results, however, it is not reason- 
able to say that ultra violet rays are wholly without action on 
the oil. There is always a slight bleaching action and oil that 
has suffered long exposure to ultra violet rays acquires a rancid 
odor and taste. The bleaching action is probably due to the 
action of the rays on carotin, the unsaturated hydrocarbon to 
which certain oils owe their color (Gill, 1917). We can only 
state that this action is without measurable effect when the oils 
are exposed for the short periods of time necessary for their ster- 
ilization. For all practical purposes the oil has all the properties 
of the raw oil in the case of almond, cottonseed and olive oils 
after this length of exposure. 
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It was found that oil exposed in the open air to ultra violet 
light acquires the property of liberating iodine when shaken with 
an aqueous solution of potassium iodide. This is probably due 
to the presence of a small quantity of an ozonide of oleic acid 
formed during the exposure. According to Molinari one 
molecule of ozone is assimilated with the formation of oleic acid 
ozonide, C,sH;.0;, when ozone or ozonized air is passed through 
oleic acid. Experiments were carried out in which oils were ex- 
posed in an atmosphere of carbon dioxide in a small sealed tube 
of transparent quartz surrounded by a larger quartz tube through 
which ice water was flowed. Oil so exposed showed no greater 
oxidizing power than the raw oil. That this substance (oleic 
acid ozonide) plays no important réle in the sterilization of the 
oil was proved by exposing samples of the oil under an atmosphere 
of carbon dioxide in a quartz tube and testing for sterility. The 
oil so exposed was readily sterilized indicating that the specific 
effect is produced by the ultra violet rays alone. 

The chemical changes produced in oils exposed to ultra violet 
rays for long periods of time have beer studied in a few cases. 
Lesure (1910) found that olive oil was bleached but not notice- 
ably changed in exposures of less than one half hour. Exposure 
of olive oil to the rays for an hour caused an increase of more than 
5 per cent in acidity (Lesure), 1910. Romer and Sames (1910) 
found that butter fat when exposed to ultra violet rays for one 
and three fourths hours showed a decrease of 7 in its iodine 
number. 

A number of determinations of the change in acid value of olive 
oil following relatively long periods of exposure was made with a 
view of estimating the magnitude of this effect. Samples of oil 
exposed for the same period of time both in the open air and in 
an atmosphere of carbon dioxide showed no significant variation 
in acid content. The results of these experiments are shown 
graphically in figure 4. It will be noted that the oil does increase 
in acidity with exposure and that this increase is directly propor- 
tional to the length of time. In curve (1) the oil was 4 cm. dis- 
tant from the lamp, while in curve (2) the distance was 1 cm. only. 
In the latter case the fat splitting property is more pronounced 
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because the distance from the source of ultra violet light is less. 
While a definite increase in acidity is noticeable in periods ex- 
tending over four hours, the increase in acidity is not noticeable 
in the short time of two to three minutes, so that the oil after 
sterilization by ultra violet rays, aside from a slight bleaching, 
may be said to be unaltered from a chemical and physical stand- 
point. 


ACID VALUE 


+44 





4 2 3 a 
TIME OF EXPOSURE (HOURS) 
Fia. 4 
SUMMARY 


Certain oils, such as olive, cotton seed and almond oils, can be 
effectively sterilized by means of relatively short exposure to 
ultra violet rays. The abiotic power of the ultra violet rays is 
not restricted to vegetative bacterial cell alone but extends to 
the spores as well as to certain molds such as Penicillium, Asper- 
gillus and Mucor. Lipolytic enzymes in oil are sensitive to, and 
their action is inhibited by, exposure to ultra violet rays. Ex- 
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cept for a slight bleaching, the oil is unchanged physically and 
chemically by this exposure. The sterilizing effect of ultraviolet 
rays is still apparent after they have been filtered through layers 
of oil 4mm. in thickness. Olive oil when exposed for long periods 
of time shows an increase in acidity and this increase is directly 
proportional to the length of exposure. 
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INTRODUCTION 


The bacillus of Morgan was first described in the years 1905 
and 1906, when Morgan found it in stools from cases of summer 
diarrhoea in children. The investigations of Morgan were car- 
ried on by Morgan and Ledingham (1909), who consider this 
bacillus one of the main causes of the diarrhoea of infants. 

According to the description of the English authors the 
bacillus of Morgan has the following characters: 

It is a Gram negative bacillus of the size of a dysentery or 
colon bacillus. Ordinarily it is motile, but can occasionally 
show immobility. It produces acid and gas in media containing 
glucose, but does not ferment the other ordinarily used sugar 
media, such as lactose, maltose, sucrose and mannitol. It pro- 
duces indol in beef broth, but does not coagulate milk or liquefy 
gelatine. 

The production of gas in glucose may be so slight that it can 
only be observed in agar deep cultures and there may even be 
no production of gas at all. 

Serologically, it was impossible to make a convenient classi- 
fication of strains of this organism, as the English authors found 
heterologous strains inagglutinable in a serum produced with a 
typical strain. In sera from patients they occasionally found 
agglutination of the homologous strains in the dilution 1: 40. 


1 Partly published in Medicinish Revue, no. 4, 1918. 
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The microbe was found fairly pathogenic to animals. Rats 
and monkeys acquired a fatal diarrhoea after feeding on agar 
slope cultures of the microbe. 

The bacillus of Morgan has also been described from Den- 
mark, where first Bahr and @hrum, and later Bahr and Thom- 
sen found it in stools from diarrhoea of infants. The Danish 
authors report certain characteristics which differ from the de- 
scription of Morgan and Ledingham, such as frequent failure to 
produce indol; yet in spite of these smaller differences there is 
no doubt as to the identity of the English bacillus of Morgan 
and the Danish so-called Metacoli. 

The Danish authors however classify the microbe in four sub- 
groups according to the growth of the various strains in media 
not used by the English investigators (galactose, mannose, 
xylose, arabinose and adonitol). There is however the greatest 
probability that these subgroups are not of any great importance. 

Later on the microbe is mentioned by Tribondeau and Fichet 
(1916) who found it in stools from clinical dysentery from the 
Dardanelles. The authors never found the various strains 
agglutinable in sera from the patients, from whom the strains 
had been isolated. 

Logan (1916) found the bacillus in stools from children suffer- 
ing from acute diarrhoea and in the stools of 2 out of 21 healthy 
children. 

D’Herelle (1917) reported this microbe as the cause of dysen- 
tery, while German authors (Seligman, 1917, Jungmann and 
Neisser, 1917, Kindberg, 1917) found ‘‘atypical dysentery 
strains,’ that’ seem to be identical with the bacillus of Morgan. 

Lastly this bacillus has been studied by Bang in Copenhagen. 


SOURCE OF MATERIAL STUDIED IN THE PRESENT INVESTIGATION 


The technique used in the isolation and study of the following 
strains has been the one used in the author’s work on 
dysentery in Norway (Thj¢tta, 1919). 

Immediately after isolation the strains have been examined as 
to motility, growth in the various sugar media, production of 
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indol and agglutination in sera from rabbits immunized against 
typhoid, paratyphoid A and B and dysentery bacilli of groups 
I, I.and III. Then sera were produced against the seven first of 
the Morgan strains, and each strain tested as to agglutination and 
complement-fixation in the homologous and heterologous sera. 
It will be convenient to give a short résumé of the symptoma- 
tology of the patients, from whom the strains were isolated. 


I. Acute diarrhoea. Stool fluid without mucous or blood. On plates 
many colonies of Morgan bacilli. 

II. Man, forty-four years old. During the last years occasionally 
diarrhoea with blood in stool. 

Some days before examination of stool, admitted to hospital, suffer- 
ing from an intense attack of diarrhoea. Abdomen meteoristic. On 
examination in rectoromanoscop the mucous membrane of the colon 
appeared swollen, hyperemic and bleeding. 

Plates showed numerous colonies of Morgan bacilli. 

III. Man, thirty years old. The day before admittance to hospital 
severe pains in abdomen, diarrhoea, vomiting and cramps. Disease 
lasted one month, all the time showing a gastrointestinal or intestinal 
character. Stools of broth consistency, containing mucus. 

Plates showed only few colonies of the typical Morgan bacilli. 

IV. Woman, thirty years old. Had suffered from chronic diarrhoea 
for a long time. Discharged 6 to 7 bloody and mucous stools a day. 
Plates showed numerous colonies of Morgan bacilli. On examination 
later on, when the stool had become fecal and only contained traces of 
glassy mucus, there were no colonies of Morgan bacilli to be found in 
stool. 

Patient died six months later from cancer of the colon. Cultures 
from the colon showed no Morgan bacilli. 

V. Woman, forty-five years old. Chronic diarrhoea for two months. 
Numerous colonies of Morgan bacilli. 

VI. Man, sixty-eight years old. In the last six months before ad- 
mittance to hospital continual diarrhoea; 6 to 7 stools a day, containing 
big lumps of mucus and pus. Had grown very lean. 

Diarrhoea continued in spite of treatment, and the patient died 
twenty-five days after admittance to the hospital. 

Post-mortem examination: As only the examination of the intestine 
showed anything of interest only this part of the protocol will be cited. 
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All over the mucous membrane of the colon from coecum to rectum 
were found extended and numerous ulcers. The ulcers were in the 
main situated across the intestine, of a rather longish shape. They 
were ordinarily sharply contoured and had aclean bottom. All ulcers 
stretched down into the submucous membrane. Only the ulcerations in 
the rectum had the character of erosions. The healthy parts of mucous 
membrane between the ulcers were swollen, pale and oedematous. No 
considerable swelling of the glands. 

From the stool and from the ulcers growth of numerous colonies of 
the typical Morgan bacilli. 

VII. Man, twenty-one years old. Suddenly taken ill with severe 
abdominal pains, tenesmi and stools, containing blood and mucus 
ten to fifteen times a day. Often hemorrhages pr. rectum. Excessive 
prostration. Stools at last chocolate coloured, stinking, containing big 
necrotic fibres of tissue. Temperature about 38°C. 

Death in emaciated condition on the eleventh day of disease. 

Post-mortem examination: On opening the abdominal cavity the lower 
parts of the omentum were found discolored, slightly covered with pus 
and attached to the paries of the pelvis. In the small pelvic cavum 
were found 50 cc. of pus. 

The outside of the small intestine was a little hyperemic in the 
lower parts, while the serosa of the colon was considerably injected, 
and fragile. In the mesenterium several swollen, excessive injected 
glands. 

After opening the colon there were found considerable alterations of 
this intestine. Nearly all the mucous membrane had been dejected 
and in its place was found an immense ulcer interrupted here and 
there by small isles of membrane, that was blood coloured and exces- 
sively oedematous. The ulcers in many places bared the muscle of the 
intestine and even perforated it so that only the serosa remained. 
Very often the process was necrotic, but there were no veritable per- 
forations of the intestine. 

Often there were thick brown necrotic fibres (dejected mucous mem- 
brane) attached to the ulcerating intestine; or the bottom of the 
ulcers was filled with a purulent gangrenous and smeary covering. 

From the feces and the ulcers were isolated numerous colonies of the 
typical Morgan bacilli and a strain of proteus. 

VIII. Man, forty years old. Suddenly taken ill with numerous stools 
consisting of mucus, blood and pus. Temperature between 38 and 
39°. After the first week of disease the stools became purulent, as if a 


large ulcer was continually discharging pus. 
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After one month of disease stools grew solid, and patient recovered. 

During the whole disease there might always be cultivated typical 
Morgan bacilli from the feces and there were never found any other 
pathogenic microbes in the stools. 

The Morgan bacilli disappeared when the stools grew solid. 

IX. Man, twenty years old. Suddenly taken ill with severe attack of 
acute colitis. Stools numerous consisting mostly of pus and mucus. 

Recovered after two weeks of illness. 

Cultures from stools regularly showed masses of colonies of the 
Morgan bacilli. 


MORPHOLOGICAL CHARACTERS OF BACILLI ISOLATED 


All these strains were Gram negative bacilli. As to motility 
a disagreement was apparent between the first examination and 
an examination made a year and a half after the isolation from 
stools. 

On the first examination strain I was found immobile, all the 
others distinctly motile. On the second examination, however, 
only one, strain III, of the first seven strains showed motility, 
while the others had lost this faculty completely. 

The two last strains being isolated after that examination 
were only examined once and were found mobile. 


CULTURAL CHARACTER OF BACILLI 


All these strains were culturally typical Morgan strains im- 
mediately after the isolation. It must, however, be stated that 
strain IV showed itself atypical in as far as it produced slight acid 
in mannitol and sucrose after a growth of three days and did not 
produce indol in beefbroth. It did, however, ferment glucose 
with production of gas and acid and could serologically not be 
placed in any other known class of microbes. It was therefore 
considered as an atypical Morgan strain and studied together 
with the typical ones. 

After the first examination the strains (with the exception of 
VIII and IX) were grown on artificial media up to one and a half 
years and then examined as to growth again. 
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It will be seen from table 1 that five of these strains continually 
fermented the sugars like typical Morgan strains, not counting 
a late fermentation of sucrose in strains I and V. Two strains, 
however (II and IV), had altered their characters so much, that 
they no longer could be considered Morgan strains, having lost 
the production of gas in glucose and acquired the faculty of pro- 
ducing acid in mannitol and sucrose. Culturally they had accord- 
ingly to be considered as dysentery-strains, a classification that 
was so much more natural as both these strains on the second 
examination had lost their motility as well. 


TABLE 1 


Result of second cultural examination 








STRAINS MANNITOL MALTOSE | GLUCOSE | SUCROSE LITMUS WHEY INDOL 
I Qi gr A + Gt 7% | Ot718 Alt—25) (Cr-2s | _ 
II Qr~3 At (ji-2%5 A125 0! 3 A425 | (1-25 re 
Ill gr (jis A+ GQ! sic (jis odie 
lV Arr | Qir-2%s Al72 | O'-7 A825 | Or-2 As-28 4. 
( (ins (1-25 A + Gi-28| ors As-2s | gi-2s d 
VI ()1- 25 (i235 A + G17 | gr- (1-25 4 


VII (js (jis A + Gt 75 | ors (ji 25 + 


0, no fermentation. 
A, acid. 

A + G, acid and gas. 
Figures signify the day of the examination. 


In litmus whey all the typical strains grew without production 
of acid, while one of the two dysentery like strains produced acid 
in this medium. All the strains produced indol in beefbroth on 
the second examination. 

Thus it is obvious that the greater part of the Morgan strains 
have kept their fermenting faculties unaltered after one and a 
half years of growth on artificial media, while one typical strain 
had reverted culturally to the characters of the dysentery bacilli. 
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AGGLUTINATION TESTS 


Immediately after isolation of the Morgan strains agglutina- 
tion tests had been carried out in serum from patients III, IV, 
VI, VII, VIII, and IX with the homologous Morgan strain 
and with B. typhi, B. paratyphi A and B dysentery I, II and 
III and always with a negative result. 

Sera had been produced by injection in rabbits of heated agar 
slope cultures emulsified in saline solution, and these sera had 
been tried against the homologous and heterologous strains. 


TABLE 2 


Agqgluti nation tests 


Lowest dilution; in first examination 1: 50; in 
IMMUNE SERUM PRODUCED AGAINST STRAIN 
STRAIN 
I II Ill IV \ VI VI 
I 1600-1600 0-0 0-0 0-0 0-0 00 00 
I] 0-0 6400-44400 0-0 0-0 0-5 0+) 0-0 
II 0-0 0-0 3200-3200 0-0 0-0 0-0 0-0 
IV 0-5 0-5 0-5 6400-6400 0-0 0-0 0-0 
: 0-0 0-10 0-0 0-0) 6400-4400 =S800-0 oO) 
VI 00 0-20 0-20 0-0 0-0 3200-3200 0-0 
VII 0-0 0-0 0-0 0-0 0-0 0-0 1600-1600 
Vill 0 0 0 0 0 0) 0 
IX 0) 0 0 0 0 0 0 


Seven months later the agglutination test was repeated to 
find out whether the growth on artificial media had altered the 
reaction or not. 

The result of these tests are shown in table 2. 

The first column of figures gives the result of the first exami- 
nation, the second column that of the second one. 

It will be noted that all the strains tested show a high agglutina- 
tion titre in the homologous sera, but none or very low ones in 
the heterologous sera. Only strain V shows some degree of 
agglutination in a heterologous serum from strain VI, but this 
reaction is completely extinguished seven months later. 

One year after this examination there were produced new sera, 
living bacilli being used for the injection. The result of this 
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third examination was exactly the same as that of the second 
test. 

Thus it is obvious that the bacillus of Morgan neither causes 
the production of agglutinins in the serum of patients, in whose 
intestines the bacillus lives, nor are the various strains of this 
bacillus effected by the agglutinins of other similar strains. 


FIXATION OF COMPLEMENT 


Corresponding to the agglutination test cross examinations 
of the fixation of complement by the various strains and sera 
have been carried out. 

The result is given in table 3. 


TABLE 3 


Fization of complement 


IMMUNE SERUM PRODUCED AGAINST STRAIN 











STRAIN _ a ——EE — 
I ul Ul IV Vv VI VII 

1} 0.0001 | O | O 0 | oO 0 | 0.1 

II 0 0.0032 0 0 0 0 0.2 
III | 0.05 0 0.0001 0 0 0 | 0.1 
IV 0 0 0 0.0001 0 o- | 0.05 

ri Q 0 0 0 0.0032 0 | oO 
VI 0 0 0 0.0016 0 0.0002 0.0125 


VII 0 0 0 0 0 0 0.0016 


The titres of complement fixation in homologous strains and 
sera are always high, while the heterologous strains and sera 
usually do not cause any absorption of complement. Only one 
strain, VI, is found to give a fairly high titre when tried with a 
heterologous serum from strain IV. Titres such as 0.2 and 0.1 
are too low to be counted and can hardly be taken as a signifi- 
cance of any relation between strains. 


RESUME AND DISCUSSION 


Nine cases of diarrhoea or dysentery-form colitis are discussed. 
Two of these ended fatally and the post-mortem examination 
showed the existence of a severe colitis. 
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From these cases of intestinal disturbance typical strains of 
the bacillus no. I of Morgan were isolated, while it was impossible 
to discover the presence of other pathogenic germs. 

Seven of these strains have been studied immediately after 
isolation as well as after one and a half years of growth on arti- 
ficial media, and most of them altered their characters consid- 
erably during this time. Thus while only one strain was im- 
mobile on isolation, only one had kept its faculty of motility at 
the end of the examination. Further, two strains had lost their 
power of producing gas in glucose and had achieved the faculty 
of producing acid in mannitol and sucrose. As these strains had 
also lost their motility they could culturally no longer be recog- 
nized as belonging to the Morgan group, but had to be looked 
upon as dysentery strains. 

Serologically there could not be detected any relation between 
these strains and other pathogenic microbes such as typhoid, 
paratyphoid A and B, dysentery I, II and III or colon bacilli. 
Neither was it possible to find any considerable relation between 
the various strains themselves, nor did any of the strains show 
the slightest agglutination in the serum from the patients. 

The bacillus no. I of Morgan has hitherto as mentioned before 
been found and described by a few authors; but it has never been 
given the place in the bacteriological system where it really 
belongs. 

In considering the question of the identity of this microbe 
we must first put another question: Is the bacillus of Morgan a 
microbe sui generis or does it consist of several biologically dif- 
ferent microbes that only show the same cultural character? 
It is obvious, that this microbe is not such a well defined germ 
as the typhoid bacillus, and its characters are in a way not so 
fixed and stable, since they may alter during the saprophytic 
growth on artificial media. Yet the fermentative reactions of 
most of the strains are fairly characteristic even after a long 
period of saprophytic growth. If therefore one should consider 
only the cultural characters it is likely that one would look 
upon the bacillus of Morgan as a special kind of bacillus and 
put it somewhere in the neighborhood of the colon and the 











saan he pr ost 


pe 


$<" 
a 


76 TH. THJGTTA 


dysentery bacilli. But if it be so it is a peculiar thing that it 
is impossible to find any serological connections between strains 
of the same kind, such as is the case with all the other patho- 
genic microbes of the intestinal tract. This point is of great 
importance. 

Agglutination is of very little value when it comes to con- 
necting different strains of the colon bacilli. As a rule there is 
no clear serological connection between colon bacilli from dif- 
ferent persons, even if strains are tested that are culturally 
absolutely alike. 

In a very large collection of colon bacilli from calves 
Christiansen finds that strains of one fermenting type are seldom 
affected by agglutinating sera produced with other strains from 
the same fermenting type and that the serological connections 
are as often found between strains from different fermenting 
types as within the same cultural type. 

Thus it is the rule of the colon bacilli to behave as we have 
found the Morgan bacilli do. It is therefore natural to con- 
clude that the Morgan bacillus is simply a Bacterium coli of a 
certain fermenting type. Consequently it would be better to 
give it the Danish name metacolon organism as this name 
points to the large group of the colon bacilli, while the name of 
Morgan bacillus gives the idea of a microbe of a certain special 
type. 

The next question to deal with is this: 

Is the metacolon bacillus pathogenic and does it cause such 
severe cases of colitis as those related in this paper? Or does 
it only occur as a simple saprophyte while the real cause is 
another, undetected microbe. If we consider the metacolon a 
pathogenic microbe able to produce a dysentery-form colitis it 
should be expected that the affected organism would produce 
antibodies against the homologous strain, especially since the 
rabbits on being treated with parenteral injections of the mi- 
crobe very easily produce agglutinins and complement absorb- 
ing antibodies. This has, however, never been found to be the 
case in this investigation, and we cannot therefore bring forth 
any certain evidence of the pathogenicity of the microbe. It is 
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not enough that we find the microbe in cases of colitis, as there 
is nothing to prove that the intestinal flora may not alter consid- 
erably under the pathological conditions that take place in the 
intestines under a severe attack of colitis. 

If there be pathogenic as well as non pathogenic specimens 
of this microbe we have owing to Christiansen’s work on the colon 
bacilli no methods of detecting the pathogenic ones except the 
direct experiment as to pathogenicity. As the pathogenic colon 
bacilli show a high degree of diarrhoea producing effect in young 
calves, it is not unlikely that calves would be the best object 
for experiments as to the pathogenic action of the metacolon 
organisms. Such experiments have never been carried out, and 
for the time being there is nothing to prove that the metacolon 
organism is more than a saprophytic colon bacillus, that thrives 
especially well in an inflamed intestine. 
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In the course of a study of the fermentation of carbohydrates 
by the members of the colon-typhoid group, we have tried to find 
an indicator which could be added to the medium to permit 
direct reading of the hydrogen ion concentration during the prog- 
ress of fermentation, without necessitating the destruction of 
the culture. A mixture of China blue and Rosolie acid (CR 
seemed to answer this purpose. 

Since the time of our first publication on this subject, we have 
successfully continued to use CR as indicator in our bacterio- 
logical studies, and have made several observations some of 
which are of sufficient importance to deserve special mention. 
In our original description of this indicator (Bronfenbrenner, 
1918) it was stated that its great tinctorial powers permit the 
use of very dilute solutions of the dyes in the medium, and for 
this reason the bactericidal properties of the dyes can be reduced 
to a negligible quantity. So long as we continued working with 
the bacteria of the colon-typhoid group we found this to be the 


1 This work is a part of the investigation of food poisoning, conducted under 
the Direction of Dr. M. J. Rosenau, Professor of Preventive Medicine and 
Hygiene, Harvard Medical School. The investigations were made under the 
auspices of the Advisory Committee of the National Research Council on the 
Toxicity of Preserved Foods, and under a grant to Harvard University from 
the National Canners Association. 
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case. As soon, however, as we attempted to use this indicator 
in connection with other bacteria, we found that it exhibited de- 
cided antiseptic action for some of them, even when used in lower 
concentration than that which was found to be non-inhibitory for 
the colon group. 

This difference in the relative sensitiveness of various bacteria 
to the antiseptic action of CR at once suggested the necessity of 
further study of this indicator if it is to be incorporated in the 
culture medium. 


METHOD OF STUDY 


With this end in view, a number of bacteria were tested against 
various concentrations of China blue, Rosolic acid and CR (which 
is a mixture of the two), in order to determine the respective con- 
centrations affecting growth. In all 78 strains were tested. Of 
these, 43 were pathogenic members of the Colon-Typhoid-Dys- 
entery group; B. typhosus, B. paratyphosus A and B, B. dysenter- 
eae Shiga and Flexner, B. enteritidis and B. suipestifer, a number 
of strains of each being tested. The rest of the cultures, 35 in 
number, were cocci of various types, Gram positive spore bearers, 
B. coli, B. proteus, B. cloacae, B. fluorescens, B. alkaligenes, and 
several strains of an unidentified Gram negative bacillus. Most 
of these non-pathogenic strains were freshly isolated by us espe- 
cially for this study, from feces and other sources, and have not 
been definitely identified. A few were obtained from the Museum 
of Natural History. 

The China blue used was manufactured by Grubler and the 
Rosolie acid by Merck. Stock solutions were made up in 50 per 
cent alcohol, and contained respectively 1 per cent China blue, 
2 per cent Rosolic acid and in the CR mixture 1 per cent China 
blue plus 2 per cent Rosolie acid. 

The medium used was the same in all cases, a solution of 1 per 
cent Difco peptone and 0.5 per cent chemically pure sodium chlor- 
ide in distilled water. The dyes in alcoholic solution were added 
in appropriate amounts to this medium which was then placed in 
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test tubes and autoclaved.? After incubating over night to test 
for sterility, each tube was inoculated by means of a sterile cap- 
illary with two drops of a well-grown peptone water culture of 
the organism to be tested. Incubation was carried on at 37.5° 
for a maximum of four days. A control tube of the same medium 
without dye was also inoculated at the same time, and served as 
a standard by means of which comparative amounts of growth 
could be estimated. 

The composition and method of preparation of this medium 
is exactly the same as that of the stock media used in this labora- 
tory for the determination of carbohydrate fermentation, with 
the exception that in this case carbohydrate was not added. 

The media containing China blue were perfectly clear. The 
media with 0.125 per cent and 0.05 per cent concentrations of 
Rosolic acid were turbid at times, and a slight precipitate was 
often present. In these cases the percentage of dye actually 
dissolved in the medium is of course not definitely known. 


RESULTS 


China blue, in the highest concentration used, 0.0625 per cent, 
had no inhibiting action on the majority of the organisms which 
we tested. Bacillus acidi-lactici was, however, completely in- 
hibited by 0.025 per cent, and the Micrococcus flavus by a 0.0625 
per cent concentration of this dye. <A few of the other organisms 
were slightly inhibited by a concentration of 0.0625 per cent. 


* The media with the greatest concentration of the dye (0.0625 per cent) con- 
tained about 3 per cent of alcohol by volume, and it was suspected that the alco- 
hol might have some effect upon bacterial growth. However, practically all the 
organisms which we tested grew as well on media containing China blue and 3 per 
cent of alcohol as on media without the dye or the alcohol. There was, therefore, 
practically no inhibition from the aleohol. According to Kligler (1918) 4 per cent 
alcohol is required to inhibit the growth of B. dysenteriae, a greater concen- 
tration being required to inhibit the other bacteria which he tested. In our 
work, the media containing the second highest concentration of dye (0.025 per 
cent) contained a little more than 1 per cent of alcohol. It is probable that the 
effect of the alcohol present may be neglected for our purposes. 
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Rosolic acid, however, even in a concentration of 0.005 per 
cent was markedly inhibitory for many of the organisms tested. 
Furthermore, this inhibition was almost strictly selective. None 
of the Gram positive organisms which we tested grew in peptone 
water containing 0.005 per cent of this dye, and only a few grew 
to a slight extent when the concentration was one-half of this 
amount. On the other hand, all the Gram negative organisms 
which we tested, with the exception of two strains: namely, B. 
enteritidis ‘‘M. N. H. 234” and B. suipestifer ‘““P. D. 48” grew 
well on a medium containing 0.005 per cent Rosolice acid.2 The 
great majority of these forms grew on a medium containing 0.05 
per cent, and most grew on that containing 0.125 per cent of this 
dye. Fifteen other strains of B. enteritidis tested by us grew on 
a medium containing 0.005 per cent of Rosolic acid. Of these, 
fourteen grew on 0.05 per cent and twelve on 0.125 per cent of 
Rosolic acid. Four cultures of B. suipestifer grew on 0.125 per 
cent of Rosolic acid. 

The addition to the medium of both dyes, composing the indi- 
cator CR, gave practically the same results as those given by 
Rosolic acid in the same concentration, as might be expected 
from the inertness of China blue alone. 

These results correspond rather closely to those obtained by 
Churchman (1912, 1913), and Krumwiede and Pratt (1914) and 
Kligler (1918) who used various dyes of the triphenylmethane 
group, such as brilliant green, methyl and crystal violet, ete. 
However, these workers found that the growth of Bacillus dysen- 
teriae was almost as readily inhibited by the dyes tested as that 
of Gram-positive bacteria. Rosolic acid is quite different from 
the other dyes in that the various strains of Bacillus dysenteriae 


*The B. enteritidis strains which we used are apparently identical with 
those used by Churchman (1912, 1913) and Krumwiede and Pratt (1914) in their 
work on gentian violet and on various green dyes respectively. It is interesting 
to note that strain ‘““M.N.H. 234’ which persistently failed to grow on gentian 
violet and on the green dyes also failed to grow on Rosolic acid. 
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are quite as resistant to its action as are the other Gram-negative 
bacteria.‘ 


CONCLUSIONS 


The bactericidal power of CR (China blue-Rosolic acid) is due 
entirely to the action of Rosolie acid. Moreover, the inhibition 
of growth seems to be directed only against Gram-positive bac- 
teria. Almost all Gram-negative bacteria tested grow readily on 
a medium containing twenty-five times the amount of Rosolic 
acid which is inhibitive for Gram-positive organisms. This 
apparent selective action of Rosolic acid, coupled with its failure 
to inhibit the growth of B. dysenteriae render this dye particularly 
suitable for the preparation of selective media to be used for 
the isolation of intestinal bacteria. 
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‘In this connection it is of interest to compare the chemical constitution of 
rosolic acid with that of fuchsin, which ,is closely related to brilliant green, 
malachite green, methyl and crystal violet, ete. Fuchsin has the formula: 

/ CH CHINE: 

C—C.H.NH, and is usually considered a derivative of triphenylmethane: 

\\C.H.NH,Cl 
4 /CoHs 
| H—C—C.H, from which it can be prepared. Fuchsin is a substituted triamino 

Now 
triphenylmethane, namely, a triamino toly!l diphenylmethane (5). Rosolic acid, 
on the other hand, contains no amino group; its formula (Beilstein) (6) is: 
C,H,CH;CH 
C—C,H,OH and it may be considered as a triphydroxy tolyl dipheny]- 

NCH, =O 
methane. It differs from fuchsin in containing hydroxy radicals in place of 
amino radicals. It would seem, therefore, that this substitution is responsible 
for the difference in action of the respective dyes upon the Dysentery bacillus. 
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Dry yeast has been extensively used for the preparation of 
media in these laboratories for the past five years with excellent 
results; but has received little if any attention from other bac- 
teriologists in this country. 

Eldredge and Rogers (1914) in 1913 used an extract from dry 
yeast with peptone and phosphate for studying the fermenta- 
tions of cheese cultures because they desired a sugar free broth 
in which their cultures would grow readily. For the same reason 
yeast peptone broth was used by one of the authors (Ayers, 1916 
during 1915 and is still being used in studying the fermentations 
of the streptococci. This sugar free broth was found to be of 
particular value in supporting the growth of pathogenic strepto- 
cocci which would not grow in extract broth or meat infusion 
broth from which sugar had been removed by fermentation. 
Yeast peptone broth was also used by Miss Evans (1918) in a 
study of the streptococci concerned in cheese ripening. 

Extracts from dry yeast have been used so successfully in other 
bacteriological work in the Research Laboratories of the Dairy 
Division that it is believed special attention should be given to 
their possibilities. It is, therefore, the purpose of the writers to 
mention briefly in this paper some of the ways in which yeast 
extracts have been used in recent experiments. 


DRY FRESH YEAST 


In the work previously noted, an imported dry yeast prepara- 
tion was used about which nothing was known as to the methods 
of manufacture. The fact that, with peptone, it gave a broth 
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which was sugar free and supported the growth of bacteria, 
among which were pathogenic streptococci, made it very useful 
until the preparation was found in the year of 1918 to contain 
starch which was evidently added during the process of manu- 
facture. The usefulness of extracts of this preparation for fer- 
mentation tests was, therefore, ended although for general bac- 
teriological purposes it was still valuable. 

A dry yeast was then obtained through the kindness of a man- 
ufacturer! in this city which has given valuable and interesting 
results. The dry yeast consists of pure washed fresh yeast and 
was feund to contain about 6.0 per cent of moisture. 

In our experiments, the value of yeast extracts for replacing 
meat extract have been given most attention, therefore they 
have been used largely in combination with peptone. Various 
types of streptococci were used to test the value of the yeast 
medium, since they are among the most difficult of the bacteria 
to grow in culture media. Many other organisms were found to 
grow more readily than the streptococci. 

The yeast extract was prepared by mixing 1 per cent of dry 
fresh yeast with cold distilled water and after being allowed to 
stand 10 minutes was steamed in an Arnold sterilizer for thirty 
minutes, and then filtered. Considerable difficulty was encoun- 
tered in obtaining a clear filtrate, the liquid always appearing 
hazy. The haziness could be removed by the addition of kiesel- 
guhr and a second filtration. Probably Merck’s dialyzed iron 
could be used to advantage for clearing the extract as has been 
mentioned by Eberson (1919), who pointed out the value of a 
yeast medium for prolonging the life of the meningococcus. 

It was found that the difficulty in obtaining a clear extract could 
be overcome by heating the dried yeast before use at 105°C. for 
four or five hours. After the first steaming, the extract appeared 
cloudy upon filtration but when the reaction was adjusted to 
about pH 7.7 and the extract steamed a second time, a precipitate 
was produced which could be readily filtered out leaving a clear 
solution. 


1 This opportunity is taken to express our thanks to R. L. Corby and Miss 
Glasgow of the Corby Company, for supplying us with preparations of dry yeast. 


























EXTRACTS OF PURE DRY YEAST 9] 


To the extract from 1 per cent of dry yeast, 1 per cent peptone 
was added, the reaction adjusted to pH 7.5, and the medium then 
heated and filtered, tubed and sterilized. 

Most of the streptococci grew readily in this medium and some 
vigorously. It was observed, however, that the hydrogen ion 
concentration changed from pH 7.5 to from pH 6.0 to 6.3 and it 
was evident that the dried fresh yeast contained some fermentable 
material. 

This preparation of dry fresh yeast could not be used for fer- 
mentation tests because of the change in hydrogen ion concen- 
tration which occurred without the presence of a test sugar or 
other similar substance. The yeast peptone medium described 
above is lightly buffered for this is necessary in studying fer- 


TABLE 1 
PROTEIN 
OTHER —— 
TOTAL : AMINO ; THAN RED NG pH 
NITROGEN) NITROGEN SUGAR 
AMINO 
ACIDS 
per cent per cent per cent per cent 
One per cent extract of dry fresh 
WO 6 66 6s 0.0209 0.0040 0.1078 | 0.008 6.3 





* Moisture in dry yeast 5.9 per cent. 
mentations, at least with the streptococci; and this is probably 
true of other bacteria. It has been found that the limiting hy- 
drogen ion concentration of some of the streptococci is from about 
pH 6.2 to 6.5 so it is at once evident that a medium cannot be 
used in which the hydrogen ion concentration without a test 
sugar may reach the pH values mentioned. The yeast peptone 
medium could be easily buffered so as to take care of the increase 
in acidity but then the fermentations of such organisms as those 
previously mentioned would be entirely missed. 

The extract of 1 per cent of dry fresh yeast contained nitroge- 
nous material including amino acids, some reducing sugar, and 
other fermentable material as is shown in table 1. 

Although a 1 per cent yeast extract made from dry fresh yeast 
contained a relatively small amount of amino acid it evidently 
contained something valuable to support the growth of deli- 











92 S. HENRY AYERS AND PHILIP RUPP 


cately growing streptococci. The amount of reducing sugar 
found would not give sufficient acid to account for the change in 
pH previously noted so there was doubtless other fermentable 
material present not determined as a reducing sugar. 

The yeast extract from dry fresh yeast made a good medium 
for many bacteria but was of most value when used with peptone. 
It was not, however, satisfactory for fermentation tests on ac- 
count of the fermentable material present. In this connection, 
it should be mentioned that both pressed yeast and yeast extracts 
have been found by Ickert (1918) to be a cheap and suitable sub- 
stitute for meat extract in ordinary media. 


DRY AUTOLIZED YEAST 


It is well known that yeast readily undergoes autolysis which 
as Vansteenberge (1917) pointed out may operate in two ways. 
The nitrogenous material undergoes proteolysis in which pep- 
tones, amino acids, and other. products are formed, while the 
hydrocarbon material, principally glycogen, is transformed into 
glucose, then into CO, and alcohol. 

Vansteenberge also showed that an extract from autolized 
yeast contained much more nitrogenous material than a similar 
extract from fresh yeast and that such an extract was a suitable 
medium for the growth of yeast and lactic acid bacteria. 
An extract of autolized yeast has been found by Dienert and 
Guillerd (1919) to be a cheap and satisfactory medium for the 
growth of B. coli. 

Kligler (1919) has recently advocated the use of yeast autoly- 
sate as a culture medium. He used brewer’s yeast which he 
autolized in the laboratory. The use of brewer’s yeast as he has 
suggested presents two serious difficulties. First, it is difficult to 
obtain fresh brewer’s yeast in many parts of the country and 
second, brewer’s yeast undergoes autolysis so rapidly that if it 
was shipped in a moist condition it would arrive at its destination 
in various states of decomposition depending upon the time and 
temperature during transit. It would doubtless be impossible 
to make uniform media in different laboratories with such mate- 
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rial. The use of dry fresh yeast seems to overcome these 
difficulties. 

Our object in obtaining an autolized yeast was not so much 
to increase the protein content of the extract as to eliminate the 
fermentable material. A dry autolized yeast was prepared by 
one of the yeast manufacturers in accordance with our sugges- 
tions. Fresh yeast was autolized for twenty-three hours at a 
temperature of from 45° to 50°C., then dried at a low tempera- 
ture. A medium made of a 1 per cent extract of this dry auto- 
lized yeast and 1 per cent peptone adjusted to pH 7.4 proved to 





be satisfactory for growth of many streptococci and the change 
in the hydrogen ion concentration was from pH 7.4 (control) to 
pH 7.0. This slight change in acidity showed that there was 


rABLI 
' 
N vf F » 
per E I 
One per cent extract Irv autolized veast 0 O816 0 ri { iO 
* Moisture in dry autolized yeast 5.96 per cent 


some fermentable material left after autolysis but not enough to 
interfere in any way with fermentation tests. The figures in 
table 2 show an analysis of the extract. 

From a comparison of the figures in tables 1 and 2, it is appar- 
ent that the 1 per cent extract from autolized yeast contained 
about twice as much protein material (not including amino acids 
and about seven times as much amino nitrogen as the | per cent 
extract from dry fresh yeast. 

To us, the most interesting and valuable feature was the re- 
duction in fermentable material. No figures on reducing sugar 
are given in table 2 because of substances present in the extract 
from autolized yeast which interfered with the sugar test. ‘The 
changes in pH by bacterial growth, however, showed conclusively 
that fermentable material was greatly reduced, in fact, to a 
negligible amount. 
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Doubtless, the increase in amino acids and other nitrogenous 
material makes autolized yeast a more valuable medium than 
dried fresh yeast for many purposes. This is, of course, true 
when fermentations are being studied. However, in combina- 
tion with peptone when abundant growth alone is desired, the 
extract of dried fresh yeast and peptone medium showed more 
vigorous growth with all organisms tested. 

As far as our experiments are concerned, the value of an auto- 
lized yeast peptone broth lies in the fact that it gives a sugar 
free medium in which streptococci, particularly the pathogenic 
types, will grow readily. As most of our pathogenic streptococci 
would not grow in the ordinary extract peptone broth, the yeast 
medium proved to be of great value in fermentation tests. 

Since dried autolized yeast could not be obtained commercially, 
experiments were conducted to determine if the dry fresh yeast 
could be autolized in the laboratory. Ten grams of dry fresh 
yeast were mixed with 200 cc. of distilled water and incubated 
at 42°C. for twenty-three hours. The dry yeast used had not 
been heated to 105°C. but was in the condition received from the 
manufacturer. After incubation this yeast was heated to 100°C. 
for one-half hour then cooled and filtered. The filtrate which 
was turbid was then cleared by the addition of kieselguhr and a 
second filtration. The extract was then made up to the proper 
amount to represent 1 per cent of dried yeast. One per cent 
peptone was added and the reaction corrected to pH 7.5 as in 
the media previously described. Analysis showed that the ex- 
tract from the autolized yeast was practically identical with that 
made from the dried autolized yeast mentioned above and it 
acted the same in cultural tests. 

It is evident that the dried yeast preparation used in this work 
can be readily autolized in the laboratory and can be so handled 
as to give uniform results. 

Yeast manufacturers are urged to give attention to the prep- 
aration of autolized yeast for use in bacteriological work. Dernby 
(1918) has been able to show that in yeast cells there must be at 
least three different groups of proteolytic enzymes acting at dif- 
ferent hydrogen ion concentrations: pepsin, splitting proteins 























EXTRACTS OF PURE DRY YEAST Q5 


into peptones at about pH 4; tryptase, splitting peptones into 
peptides at about pH 7.0; and ereptase, splitting peptides into 
amino acids at about pH 7.8. It appears, therefore, that it 
should be possible to control the process of yeast autolysis so 
that dried preparations would contain various amounts of pep- 
tones, peptides, and amino acids, according to the method of 
autolysis. Such preparations should be valuable in studying 
the nutrition of bacteria and should be relatively inexpensive. 


YEAST DIGESTED WITH ACID 


Other methods of obtained extracts from dried fresh yeast were 
tried as, for example, heating with acid and alkali. The extract 
of yeast treated with acid gave the best results and will be the 


TABLE 3 
> N 
TOTAL AMINO ro 
NITROGEN NITROGEN THAN FERMENTABLE 
IN IN aMINO MATERIAL 
> : i - 
EXTRACT EXTRACT AGIDS 


| percent | percent | per cent 
One per cent yeast extract from: | 
Dried fresh yeast 0.0209 | 0.0040 | 0.1078 |Small amount 


. . | | _ 
Dried autolized yeast. .........| 0.0616 | 0.0274 | 0.2192 /Trace 
Dried fresh yeast treated with) 
acid. .................+....-.-| 0.0491 | 0.0069 | 0.2692 |More than in ex- 


tract from dried 
fresh yeast 





only one discussed. To obtain the extract, 10 grams of dried 
fresh yeast were added to 400 cc. of distilled water together with 
50 cc. N HCL. This was then heated in an autoclave at 14 lbs. 
pressure for 30 minutes. After heating, 50 cc. of N NaOH was 
added to the yeast extract which was allowed to cool before fil- 
tering. A clear filtrate was obtained. The reaction which was 
slightly above pH 7.0 was adjusted to pH 7.5. This yeast ex- 
tract was made up to 1000 cc. with distilled water to make a 1 
per cent solution. The extract when used with 1 per cent pep- 
tone showed luxuriant growth with cultures of streptococci, but 
from the change in pH 7.5 to about pH 5.7 it was evident that 
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the acid treatment had increased the fermentable material. This 
was also indicated by the sugar analysis which, however, did not 
give consistent results, due to interfering substances. Analysis 
further showed that the extract made from acid treated yeast 
was somewhat different from the extract from either the dry fresh 
yeast or the dry autolized yeast. The difference is shown in 
table 3. 

The most noticeable difference between the three yeast ex- 
tracts was the increase of amino acids and total nitrogen in the 
autolized yeast extract over the fresh yeast extract and the in- 
crease.in protein (other than amino acids) in the acid treated 
yeast extract without much increase in amino nitrogen. 

Extracts made from yeast treated with acid may give good 
results in many lines of bacteriological work where the presence 
of fermentable material is not undesirable. 


YEAST DIGESTED WITH PEPSIN 


\n extract was also made with dry fresh yeast which was partly 
digested with pepsin. Ten grams of dry yeast was added to 100 
ec. of distilled water with 0.1 gram of pepsin. Sufficient HCL 
vas then added to bring the reaction to about pH 4.4. The mix- 
ture was then incubated at 40°C. for twenty-four hours, steamed 
for thirty minutes, filtered, diluted to 100 ec. with distilled water, 
and the reaction adjusted to pH 7.5. This extract without pep- 
tone supported the growth of delicately growing streptococci so 
well that the value of this kind of yeast extract appears promis- 
ing for many purposes other than fermentation tests. 


SUMMARY AND CONCLUSIONS 


The value is emphasized of using extracts made from dried pure 
yeast, that is, yeast which has been washed and then dried at a 
low temperature without the addition of starch or other fillers. 
This extract may be used alone or as a basis for more complicated 
media when necessary. 

Extracts of pure yeast contain, besides amino acids and other 
proteins, fermentable material in small amounts, probably pres- 
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ent in the yeast cell, which makes them valuable for general bac- 
teriological purposes. The fermentable material probably stim- 
ulates growth but renders the extract valueless as an ingredient 
of media for fermentation tests. 

For use in a medium for fermentation tests, the dry fresh yeast, 
at least the preparation used in our work, may be autolized in the 
laboratory. In this process all but a trace of the fermentable 
material is destroyed and the small amount left does not inter- 
fere in any way with the determination of the fermentation of 
test substances even in a lightly buffered medium. 

Yeast extracts can be made by treatment with acid or alkali or 
by peptic or tryptic digestion. The value of extracts made by 
digestion with HCL and pepsin are only indicated by the experi- 
ments reported but the results are promising. 

Dry fresh yeast can be readily obtained and when prepared 
under definite conditions should be uniform in composition. Its 
keeping quality and ease with which it can be procured appar- 
ently make it much more valuable than ordinary undried brew- 
er’s yeast. Whether extracts from fresh brewer’s yeast possess 
any advantages over extracts from dry yeast as a culture medium 
remains to be determined. 

Dry autolized yeast has been prepared for us by a yeast manu- 
facturer which in combination with peptone proved to be an ex- 
cellent medium for the growth of streptococci, particularly patho- 
genic types, which would not grow in other sugar free media. 
This medium was practically free of fermentable material and 
for this reason was valuable for fermentation tests. 

It is not the purpose of this paper to convey the idea that the 
yeast extracts can be used to replace all other ingredients in 
media. While they can be used to advantage both alone and as a 
basis for more complicated media, it has been found that they 
are more useful with some organisms than with others. How- 
ever fragmentary our knowledge of the value of yeast extracts 
for culture media, the results of other investigators and our 
own experience clearly point to the desirability of giving much 
more attention to what appears to be a very valuable subject. 
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Since yeast has been shown to contain some of the vitamines 
highly essential in the nutrition of the higher forms of animal 
life, it is obvious that the use of yeast extracts may offer a fertile 
field for the study of vitamines in bacterial nutrition. 
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Different workers in the culture media department of this lab- 
oratory have experienced some difficulty in preparing, according 
to Hall’s (1916) method, testicular infusion agar that would reg- 
ularly provide a medium suitable for the growth of the gonococcus 
in the production of vaccines. Without any effort to try other 
media, experimental work was carried out with the view of so 


dium could be regularly obtained. 


suggested : 


rinse in running water and grind. 


infuse overnight at room temperature. 


9 





modifying the above mentioned method that a satisfactory me- 


From the results obtained with nine strains of gonococci (some 
rather old laboratory cultures, others recently isolated), upon 
several lots of testicular infusion agar, the following procedure is 


Remove and discard the tunica vaginalis from fresh beef testicles 
Mix 500 grams of ground testicle and 500 ce. of distilled water and 


The following morning heat to 50°C. and keep warm for one hour 
(the value of this step is questionable), heat in a steam kettle or double 
boiler, stirring constantly, until the proteins are completely coagulated 
and tend to collect in large flocculi. This material should never be 
heated over a bare flame as it scorches easily. Strain through coarsé 
cloth and, if necessary, add distilled water to bring the volume to 750 
ec. To the warm liquid add 20 grams of Parke, Davis and Company's 
peptone and 3 grams of monobasic sodium phosphate (NaH,PQO,.H,0), 
stir to dissolve and while warm (not more than 40°C.), adjust to pH 
7.4 to 7.8, using the phosphate mixtures of Sérensen (1912) or Clark and 
Lubs (1916) as comparative standards of pH, with phenol red as an in- 
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dicator. The titration tube and comparator of Hurwitz, Meyer and 
Ostenberg (1915, 1916) have been found very convenient, using 3 to 5 
ec. of media and 0.05 normal NaOH. From the results of this titration 
is calculated the amount of 2 normal NaOH necessary to give the 
desired pH to the entire lot of medium. After heating to boiling the 
reaction is again determined and more precisely adjusted. 

Now add 25 to 30 grams of agar which has been melted in 250 ce. of 
distilled water (soak the finely chopped agar in the water and auto- 
clave just long enough to melt it before adding to the infusion). Fi- 
nally add 5 grams of glucose, mix thoroughly and distribute into desired 
containers. 

Autoclave tubes at 15 pounds for twenty minutes, being sure to dis- 
place the air in the autoclave. Before slanting, rotate the tubes to 
make the contents uniform. 


The procedure just outlined differs essentially from that of 
Hall (1916) in the following points: 

1. The medium is titrated and adjusted to a definite hydrogen 
ion concentration instead of the old method of titrating to ‘‘de- 
grees of acidity”’ with phenolphthalein as an indicator. Several 
writers (Hurwitz, Meyer and Ostenberg, 1915, 1916; Clark, 1915) 
have recently shown that the last method of adjusting the reac- 
tion of culture media is not a reliable procedure. For a detailed 
discussion of this subject reference is made to the article by 
Clark (1915). 

2. The glucose is added last. This is done in order to mini- 
mize the caramelizing effects of a hot, alkaline solution. Even 
though the final concentration of hydroxyl ions is small, consid- 
erable caramelization may result when strong NaOH is added in 
adjusting the reaction. 

3. Reduction of the time of sterilization which is of general 
value to all media and especially those containing carbohydrates, 
Twenty minutes was found to be the minimum for different sized 
tubes of this medium. Now and then a lot came through grossly 
contaminated which is to be attributed to infected testicles. On 
one occasion a sporulating organism was encountered which 
resisted two of the twenty minute periods in the autoclave. Since 
it is not easy to detect these infected testicles it seems better to 
make up small lots (not more than 5 to 7 liters) of this medium. 
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A number of years ago a biological survey of the waters of Lake 
Mendota, Wisconsin, was begun by the Wisconsin Geological 
and Natural History Survey. In this survey it was planned to 
include a study of the number and types of bacteria. The sam- 
ples were to be taken at various depths and in all sorts of weather. 
It was realized that an apparatus which would enable the analyst 
to collect the samples with the least expenditure of time and 
trouble would be a great aid in the work. 

A review of the literature shows that many forms of deep water 
samplers have been used. In general these may be divided into 
two groups: first, the vacuum bulb type; second, the bottle type 
which consists of a bottle from which the stopper is lifted and 
the water allowed to run in after the apparatus has been lowered 
to the desired depth. 

The commonest type of the exhausted bulb sampler consists 
of a thinly blown bulb such as a retort bulb. The bulb is par- 
tially exhausted and sealed at the neck. By means of a mechan- 
ical device the constricted neck is broken when the apparatus is 
at the desired depth in the water and the sample of water allowed 
to pass into the bulb. This type of sampler is unsatisfactory 
because the bulb must be blown especially for the sampler. 
Where a considerable number of samples are to be taken it would 
be difficult to keep a supply of bulbs on hand. 

Another type of sampler used, consists of a metal frame-work 
inclosing a bottle with a ground glass stopper (Abbott, 1915). 
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A spring clamp is attached to the stopper which is operated by a 
string so that when the apparatus is at the desired depth in the 
water the stopper may be lifted. When the bottle is filled, the 
string is released and the stopper is forced back into position. 
The disadvantage of this type of sampler is the possibility of 
contaminating the bottle and stopper near the neck while it is 
being placed in the metal frame. It is also inconvenient to 
manipulate two connecting lines—one for lowering the apparatus 
and one for lifting the stopper. In addition to these points, it is 
difficult to fasten the stoppered bottle in the metal frame. 

An inexpensive substitute for this type of sampler is sometimes 
used for shallow water work. A glass stoppered bottle is low- 
ered in the water by means of a string and when the desired depth 
is reached the stopper is lifted slightly by a second string. When 
the bottle is filled, the string is released and the stopper allowed 
to slide back into place. The sample may then be drawn up. 

For deep-sea work a special apparatus is required. An excel- 
lent sampler for deep-sea work is described by Matthews (1913). 
The apparatus works on a different principle from any of the 
samplers previously described. The container for the sample 
consists of a strong glass cylinder which is closed at each end by 
thick rubber washers secured by metal plates. The cylinder is 
filled with 95 per cent alcohol before lowering in the water. The 
alcohol is supposed to kill any bacteria that may be in the sam- 
pler and at the same time to prevent the entrance of water before 
the ends are opened. At the desired depth, the ends of the cyl- 
inder are opened by dropping a messenger on the line. The alco- 
hol, being of lower specific gravity than the water, diffuses out 
almost instantaneously, causing an upward flow of water through 
the cylinder, after which the second messenger is sent down to 
close the ends of the cylinder. The sample is drawn up, and the 
water is siphoned into sterilized bottles before they are brought 
to the laboratory for analysis. For deep-sea water investigations 
this apparatus is very useful, but for work on a shallow body of 
water a less complicated apparatus may be used. 

The sampler here described is the one used by the Wisconsin 
Geological and Natural History Survey in the work on Lake Men- 
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dota. Itisa modification of the apparatus used by Russell (1892) 
in his investigation of sea water. In the original form, the sam- 
pler required two lines for manipulation, but was later changed by 
Russell so that it required only one. In the survey of Lake Men- 
dota the Russell sampler was tried, but, the frame being of wood, 























it required a large weight which made it cumbersome to handle. 
The modification of this sampler is simple and overcomes many 
of the disadvantages of the older type. This apparatus with the 
exception of an exhausted glass tube is made entirely of heavy 
sheet brass (see fig. 1). The sterilized, exhausted tube is attached 
to the holder by means of a rubber covered spring clamp, D (see 
II, fig.1,). A brass arm, C, operates between the connecting line, 
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B, at C; and the finely drawn-out glass tube at C,. When the 
apparatus has been lowered to a desired depth, a small brass 
messenger, A, is sent down on the connecting line of the sampler. 
It strikes the lever arm at C; and the force is transmitted to the 
constricted glass tube at C2, which is broken against the break- 
ing pin, £, and the vacuum destroyed. The sample tube fills 
rapidly. 

The sample tubes are ordinary 2.5 by 20 em. (100 cc. volume) 
hard glass test tubes, fitted with a one-hole rubber stopper. A 
small glass tube bent at a right angle is inserted in the opening 
in the stopper. The lower end of the glass tube should project 
through the rubber stopper about half an inch. The other end 
is heated and drawn out at a certain point, the point being de- 
termined by the size of the holder, to a diameter of about 2 mm. 
so that it may be sealed easily. It is best, of course, to draw out 
the tube before inserting it in the stopper. The sample tube to- 
gether with the rubber stopper containing the small glass tube is 
sterilized in the autoclave. When sufficiently cool, the stoppers 
should be fitted tightly into the tubes. If the same stoppers are 
used repeatedly, they should be coated with a mixture of rosin 
and paraffin after they are sterilized to prevent loss of vacuum. 
A partial vacuum is produced in the tubes by attaching the filling 
tube to a vacuum pump. The tube is sealed at the constriction 
by a flame at the time the air is being exhausted. It is preferable 
to have only a partial vacuum in the sample tube so that it will 
not fill entirely with water, as the space left in this way permits 
the shaking of the water sample before the dilutions are made. 

This type-of sampler offers several advantages. The tubes 
are easily and quickly clamped in the frame. They fill quickly 
when the tip of the filling tube is broken off. The rapidity of 
operation is shown by the fact that it requires only about ten 
minutes to draw samples of water from seven different depths— 
at the surface, 1, 5, 10, 15, 20, and 23 meters. There is no spe- 
cial container required for carrying the samples to the laboratory 
as they are left in the same tubes in which they are collected. 
The operation of placing the tubes in the frame may be carried 
out without touching the tips of the filling tubes with the hands, 
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thus preventing contamination. With the small opening and 
the bend in the filling tube, contamination of the sample is almost 
impossible either from the water while the sample is being drawn 
or from the air after it leaves the water. Several thorough tests 
have been made with a tube which has the tip seal broken. 
Such a tube was lowered to 22 meters in the water and pulled 
rapidly up and down in an attempt to force water in, but when 
the apparatus was drawn up there was no water in the sample 
tube and only a drop in the tip of the filling tube. We may there- 
fore be sure that samples collected in this way contain only the 
organisms from the water at the desired depths. 

The use of one line to lower the apparatus and to break the 
seal is a decided advantage which the majority of samplers do 
not possess. The greatest inconvenience we have found with 
this sampler is the preparation of the tubes. It requires time to 
prepare the tubes and unless they are handled carefully the tips 
are easily broken. 

In the work on Lake Mendota this sampler has only been used 
to a depth of 23 meters, but without doubt it could be used to a 
much greater depth without any influence of hydrostatic pres- 
sure. Its use indicates that it is safe up to a depth of 23 meters. 


SUMMARY 


In this article there has been described a bacteriological water 
sampler, together with the method for its use. This sampler 
furnishes a convenient and rapid means for drawing samples of 
lake water for bacteriological analysis. 
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